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All  of  our  seacoast  harbors  are  barred  by  a  cordon  of  sand 
which  lies  in  front  or  seaward  of  the  entrances  and  connects  the 
shores  on  either  side.  Through  this  cordon  there  are  one  or 
more  navigable  channels,  usually  bounded  on  either  side  by  .^ands 
upon  which  there  is  little  depth  of  water,  and  upon  which  the 
sea  habitually  breaks,  even  in  calm  weather. 

These  bars  or  cordons  are  formed  by  the  action  of  the  sea, 
and  not  by  deposition  of  earthy  material  contributed  by  inter- 
ior currents. 

The  channel  depth  over  the  bar  is  a  minimum,  being  generally 
considerably  less  than  the  depth  found  inside  of  the  bar.  From 
the  bar,  the  bed  of  the  ocean  slopes  away  cpuite  rapidly  sea- 
card and  more  gently  inward. 

The  depth  of  water  in  the  bar  channel  determines  the  value  of 
a  harbor  by  fixing  the  drafts  and  classes  of  vessels  which  can 
enter  safely.     The  largest  vessels  find  easy  entrance  to  San  Fran- 
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ciseo  at  any  stage  of  tide,  a  circumstance  not  true  of  any  other 
port  on  our  Pacific  coast. 

The  depth  on  the  San  Francisco  bar  remains  practically  con- 
stant, except  so  far  as  affected  by  the  diurnal  variations  in  the 
level  of  the  sea  produced  by  the  tide.  This  is  not  generally  true 
as  to  all  harbor  entrances.  On  the  contrary,  an  acquaintance 
with  charts  of  the  entrances  of  different  harbors  bearing  different 
dates,  demonstrates  a  general  variation  in  low  water  depth  and 
alignment  of  the  bar  channels.  Some  will  be  found  at  one  date 
to  be  commodious,  and  at  another  date  to  be  tortuous,  shoal  and 
difficult  of  navigation.  In  some  cases,  a  single  storm  proves 
sufficient  to  change  the  circumstances  to  a  degree  such  as  to 
make  previous  acquaintance  with  the  place,  a  snare.  In  other 
cases  the  changes  are  more  gradual  and  the  entrances  appear  to 
have  a  cycle  of  phases  recurring  after  a  period  of  years  to  pre- 
ceding conditions. 

The  fluctuations  of  depth  are  often  considerable,  a  channel  of 
four  fathoms  degenerating  to  a  depth  of  two  fathoms  or  less. 
While  these  changes  are  in  progress  the  interior  channels  remain 
comparatively  unaltered,  or  at  least  maintain  their  navigable 
character  without  great  variation. 

We  may  classify  these  harbors  in  two  groups.  First,  those 
which  maintain  the  bar  channels  practically  unaltered  in  depth 
and  alignment  from  year  to  year;  and,  secondly,  those  which 
undergo  noticeable  alteration  in  these  respects  year  by  year  or 
more  frequently. 

San  Francisco  and  San  Diego  form  the  first  class;  the  second 
includes  all  remaining  entrances.  Some  of  the  circumstances 
which  impress  upon  harbor  entrances  a  character  of  permanence 
or  the  reverse  are  hereinafter  mentioned. 

We  have  also  a  considerable  number  of  ports  or  roadsteads 
distinguished  from  harbors  in  not  being  inclosed  by  land. 
These  ports  are  bights  resulting  from  irregularities  in  the  coast 
line.  The  entrances  to  these  roadsteads  are  not  obstructed  by 
bars. 

The  forces  which  by  interaction  upon  the  bed  and  shores  of 
the  ocean,  affect  the  commodiousness  and  navigable  value  of  bar 
channels,  are  the  drainage  prism  of  the   harbor — tidal  and  plu- 
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vious — the  direction  and  strength  of  currents,  channelwise  and 
littoral,  the  direction  and  force  of  winds  aud  also  of  waves  pro- 
duced by  storms,  near  or  remote. 

The  drainage  prism  for  all  of  our  harbors  is  mainly  tidal,  the 
land  drainage  being  secondary  to  or  insignificant  when  compared 
with  the  tidal  volume.  This  is  not  only  true  of  California, 
where  the  rainfall  is  small  and  fitful,  but  also  of  the  Oregon 
coast,  where  there  is  an  unusually  heavy  precipitation  of  rain. 

The  principal  rivers  of  California  are  the  Sacramento  and  tha 
Sau  Joacpain.  In  the  autumn,  the  aggregate  outflow  of  these 
two  rivers  is  at  times  not  more  than  6,000  cubic  feet  per  second. 
They  have  a  season  of  freshet  iu  the  spring,  while  the  snow  on 
the  Sierra  is  melting  when  the  aggregate  discharge  may  be 
about  100,000  feet  per  second;  and  there  is  usually  a  winter 
freshet,  which  occasionally  becomes  a  flood,  when  for  a  short 
time,  the  rivers  may  deliver  two  or  even  three  hundred  thousand 
feet  per  second.  Whatever  these  discharges  may  be,  and,  it  is  not 
here  attempted  to  state  them  in  any  other  form  than  that  of  ap- 
proximation, it  can  readily  be  shown  that  the  daily  tidal  comple- 
ment of  this  harbor  is  largety  in  excess,  even  when  the  laud 
drainage  of  the  smaller  streams  discharging  into  San  Francisco 
Bay,  is  included. 

The  tidal  area  tributary  to  the  Golden  Grate  is  440  scpuare  miles 
excluding  the  estuaries  of  the  rivers  and  the  littoral  marshes 
standing  at  the  level  of  ordinary  high  water  mark,  and  over- 
flowed only  at  spring  tides.  The  average  fall  of  the  large 
ebb,  one  in  each  day,  is  at  San  Francisco  about  five  feet,  six 
or  seven  tides  in  each  month  giving  a  fall  of  six  feet..  At 
Ravenswood,  between  this  cit}'  and  San  Jose,  the  fall  of  the  tide 
is  2.6  feet  more  than  here,  and  at  Mare  Islsnd  it  is  1.3  feet  more 
than  at  San  Francisco.  The  general  fall  over  the  tidal  area  is 
therefore  more  than  five  feet.  We  omit  from  the  calculation  of 
area  the  marshes,  the  sloughs  with  which  they  are  intersected, 
and  the  estuary  or  tidal  portions  of  the  rivers.  If  these  be  in- 
cluded, the  tidal  area  will  exceed  710  miles.  It  will  readily 
appear  from  these  premises,  that  the  average  duty  of  the  ebb 
current  effecting  this  change  of  level,  supposing  the  bays  to  be 
completely  emptied,  must  be  cpuite  three  million  cubic  feet  per 
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secoud,  or  for  the  period  of  maximum  'action  of  the  ebb,  more 
than  six  million  cubic  feet  per  secoad.  Iu  spring  tides,  the 
outflow  is  considerably  more.  It  is  probably  the  case,  that  the 
more  distant  area  not  being  lowered  in  time,  does  not  directly 
contribute  its  full  quota  to  the  outflow.  Yet  making  all  allow- 
ance that  may  be  due  for  this  deduction,  it  still  remains  that  the 
landward  drainage  finding  its  way  through  the  Golden  Gate,  is 
for  the  greater  part  of  the  year  insignificant  as  compared  with 
the  volume  contributed  by  the  tide.  Even  a  disastrous  flood, 
which  might  bring  down  400,000  cubic  feet  of  water  per  second 
for  twenty-four  hours,  could  not  half  equal  the  volume  which 
the  tide  supplies  and  removes  each  day  in  the  year.  During  the 
average  stages  of  the  rivers  the  flow  can  hardly  be  one-tenth  of 
the  tidal  volume.  Thi3  daily  ebb  and  flow  of  tide  equals  in 
volume  the  ordinary  daily  discharge  of  the  Mississippi  counted 
several  times  over,  and  is  approximately  equal  to  its  maximum 
flow. 

The  tide  plays  a  part  nearly  as  important  at  the  entrance  of  the 
Columbia  River,  which  drains  some  200,000  square  milesof  terri- 
tory, and  has  a  flood  discharge  approximately  estimated  at  one 
million  cubic  feet  per  second.  The  estuary  of  the  Columbia  has 
an  area  of  more  than  200  square  miles,  or  rather  less  than  one-half 
the  tidal  area  of  this  Bay.  The  mean  lise  and  fall  of  the  tide, 
however,  exceeds  that  at  San  Francisco  in  the  ratio  of  5  to  3. 
The  tidal  discharge  is  estimated  to  be  about  one  million  cubic 
feet  per  second,  which  is  about  the  outflow  of  the  summer 
freshet.  In  the  autumn,  the  backwater  discharge  is  reduced  to 
less  than  100,000  cubic  feet  per  second,  and  in  a  good  stage 
of  the  river  the  flow  varies  from  two  hundred  to  three  hundred 
thousand  cubic  feet  per  second. 

The  daily  tidal  complement  is  exceeded  by  the  back  water 
drainage  only  for  a  short  time  during  the  period  of  freshet, 
while  for  the  remainder  of  the  year  the  tidal  contribution  ex- 
ceeds the  land  drainage  in  a  proportion  of  5  to  1,  varying  to 
2  tol. 

In  San  Diego  harbor  the  land  drainage  is  at  all  times  insig- 
nificant, and  the  conservative  force  may  be  regarded  as  purely 
tidal,  with  an  approximate  expenditure  in  the  ebb  of  150,000 
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to  160,000  cubic  feet  per  second.  The  daily  contribution  of  the 
flood  tide  acting  for  twelve  hours  is  equal  to  the  daily  flow  of 
the  Sacramento  River  when  in  freshet.  The  ebb  at  Humboldt 
Bay  restores  to  the  ocean  about  100,000  to  110,000  cubic  feet 
per  second.  The  land  drainage  here  is  not  important  as  an  aid 
to  the  tidal  forces. 

Illustrations  might  be  continued,  embracing  Coos,  Yaquina 
and  Shoalwater  Bay,  Gray's  Harbor,  Umpqua  River,  and  other 
instances. 

It  will  be  apparent  from  this  statement  that  it  is  to  the  beneficent 
influence  of  the  large  tide  which  visits  our  coasts  we  are  indebted 
for  the  harbors  through  which  the  commerce  of  the  Pacific  passes. 
If  this  tide,  like  that  in  the  Gulf  of  Mexico,  had  a  rise  of  one  foot 
merely,  instead  of  five  or  more  feet,  which  characterizes  our  tides, 
our  condition  as  to  facilities  of  external  commerce  would,  indeed, 
be  pitiable.  No  engineering  device  could  euable  so  feeble  an 
ebb  to  adequately  resist  the  destructive  action  of  the  westerly 
waves,  which  then  must  practically  close  our  harbor  entrances 
with  sand.  If  there  were  no  tide,  there  would  be  no  harbors. 
Even  the  great  Columbia  River,  with  its  flood  discharge  of  a 
million  cubic  feet  per  second,  might  not  be  able  to  maintain 
throughout  the  year  the  entrance  depth  required  for  deep  sea 
vessels. 

Our  own  fine  entrance  would  be  closed  by  a  line  of  sand  beach, 
through  or  over  which  a  feeble  trickle  would  demonstrate  the 
existence  of  a  back-water  drainage,  but  over  which  no  vessel 
could  ever  hope  to  pass.  San  Diego,  which  may  be  said 
throughout  the  year  to  be  independent  of  land  drainage,  would 
be  closed,  and,  indeed,  from  San  Diego  to  the  Strait  of  Juan  de 
Fuca  there  would  be  a  weary  stretch  of  inhospitable  coast,  un- 
broken by  harbor,  and  nearly  everywhere  inaccessible  by  reason 
of  heavy  surf. 

The  exceptions  would  be  in  the  roadsteads,  where  vessels, 
being  protected  from  the  northerly  winds  during  the  summer 
months,  might  receive  and  discharge  cargoes,  but  under  cir- 
cumstances of  considerable  difficulty.  During  the  winter 
months  these  anchorages  are  unsafe,  owing  to  exposure  to 
southerly  winds.  No  great  commercial  interest  could  grow  up 
under  such  unfavorable  conditions. 
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This  state  of  affairs  might  be  remedied  in  part  by  conversion 
of  roadsteads  into  harbors  by  artificial  constructions,  projected 
to  protect  from  southerly  winds  and  seas.  The  excessive  cost  of 
constructions  required  to  protect  sufficient  areas,  if  it  did  not 
prevent  the  building  of  harbors,  would  at  least  defer  and 
delay  the  works,  to  the  great  retardation  of  our  internal  develop- 
ment. 

The  tidal  prism  of  a  harbor  depends  upon  two  circumstances, 
namely:  the  area  flooded  and  the  rise  of  the  tide.  The  latter 
element  not  only  varies  at  any  place  from  day  to  day,  or  from 
neap  to  sin'ing,  but  there  is  in  addition  a  diurnal  variation  in 
height  which  is  peculiar,  and  which  results  in  giving  two 
unequal  bigh  waters  in  each  day,  and  two  low  waters  of  differ- 
ent levels.  High  water  and  low  water  are,  therefore,  not  exact 
terms.  A  plane  of  mean  low  water  is  assumed  by  the  coast  sur- 
vey, to  which  soundings  are  reduced.  It  is  the  mean  level  of 
the  lower  of  the  two  daily  low  waters.  The  low  water  of  spring 
tides  may  be  one  or  two  feet  below  mean  low  water.  The  diurnal 
inequality  of  the  tide  is  attributed  to  the  effect  of  the  declina- 
tion of  tbe  moon,  and  it  disappears  wben  the  declination  is 
zero,  at  which  time  tbe  two  bigh  waters  become  equal,  as  do  tbe 
two  low  waters. 

The  order  of  recurrence  of  levels  is  this,  namely:  Beginning 
at  the  plane  of  lowest  water,  the  tide  rises  to  tbe  small  high 
water,  then  ebbs,  reducing  the  level  partially — that  is,  not  so 
low  as  tbe  initial  level, — then  floods  to  high  water  large,  and 
finally  ebbs  to  tbe  lowest  water.  Tbe  second  ebb  here  described 
voids  a  much  greater  volume  than  the  first  ebb,  and  more  than 
either  of  tbe  two  flood  tides  accumulates.  The  phenomenon  is 
this:  that  it  requires  two  floods,  nearly,  to  supply  the  prism  of 
tide  which  the  last  ebb  discharges.  Hence,  the  stronger  veloc- 
ities are  found  uu  this  ebb.  Iuastnuch  as  the  clearing  of  chan- 
nels is,  by  reason  of  its  concentrative  character,  more  due  to  the 
ebb  than  to  tbe  flood,  the  occurrence  of  phases  just  described 
appears  to  be  favorable  to  maintenance  of  depth  in  channels. 

Tbe  rise  of  the  tide  is  found  to  vary  from  port  to  port,  and  to 
have  a  progressive  increase  north  of  San  Francisco  in  some  pro- 
portion to  the  increase  in  latitude,  giving  to  the  coast  of  Oregon 
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rises  decidedly  greater  than  those  on  the  coast  of  California. 
The  following  are  the  means  of  rise  and  fall  for  the  points  named, 
as  stated  in  Coast  Survey  publications:  San  Francisco,  3.G  feet; 
San  Diego,  4.1  feet;  Humboldt  "Bay,  4.4  feet;  Coos  Bay,  5.1 
feet;  Yaquina  Bay,  5.6  feet,  and  Columbia  Kiver,  6.1  feet. 

The  means  result  from  an  average  of  all  tides.  The  rise  and 
fall  for  the  larger  tide  of  the  day  is  considerably  more  than  the 
mean,  and  near  the  phases  of  new  and  full  moon,  the  variation 
is  still  greater.  Indeed,  the  mean  rise  and  fall  as  stated  conveys 
no  idea  as  to  the  maximum,  which  at  San  Francisco  is  fully  8 
feet,  at  the  Columbia  River  12  feet  or  more,  and  in  the  inlets 
of  Puget  Sound  16  or  18  feet. 

The  entrauce  of  San  Francisco  is  the  single  example  of  two 
permanent  headlands.  Generally  there  is  one  rocky  headland, 
the  other  head  being  the  end  of  a  strip  of  sand,  to  the  presence 
of  which  the  existence  of  the  harbor  is  due.  Humboldt  Bay  is 
an  instance  where  both  heads  are  sand-spits. 

The  enclosed  character  of  these  harbors  where  one  or  both 
heads  are  sand  is  due  to  the  development,  by  wind,  wave  and 
current,  of  sand-spits  extending  across  what  was  originally  mere- 
ly a  bight  in  the  shore  line.  The  spit,  where  formed,  included 
between  it  and  the  shore  a  strip  of  water,  which  in  time  became 
the  tidal  area  of  the  existing  harbor.  If  a  reversal  of  force 
should  remove  the  spit,  the  harbor  would  recur  to  its  original 
condition— to  be  a  bight  in  the  shore  line. 

Where  the  heads  are  sand-spits,  they  are,  as  a  rule,  unstable. 
The  currents  may  erode  them,  or  the  waves  striking  them  ob- 
liquely may  wear  them  away.  An  instance  is  the  north  spit  or 
head  at  entrance  of  Humboldt  Bay,  which  was  carried  away  in 
eight  months,  1881  and  1882,  for  a  linear  distance  of  2,000  feet, 
losing  45  acres  in  area  and  about  one  million  cubic  yards  of  sand. 
Since  that  time  the  whole,  or  nearly  the  whole,  has  been  re- 
stored. 

The  existence  of  permanent  heads  is  a  very  favorable  feature. 
The  presence  of  unstable  heads  is  correspondingly  unfavorable. 
Changes  in  bar  channels  are  apt  to  accompany  changes  in  the 
heads,  by  which  the  width  and  cross- sections  of  the  entrance  are 
made  to  vary.     The  effect  is  not  only  unfavorable  by  the  varia- 
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tion  produced  in  the  path  and  effective  velocity  of  the  current, 
but  a  wearing  away  of  the  spit  may  place  at  the  disposal  of  the 
waves  an  enormous  additional  volume  of  sand,  made  liable  to 
redeposition  in  places  unfavorable  to  navigation.  The  excellent 
entrance  at  San  Francisco  is  in  part  due  to  the  permanent  shores 
which  bound  it.  San  Diego,  with  a  settled  bar  channel,  has, 
however,  a  low  sand  headland  on  the  south,  which,  however,  is 
quite  stable.  It  is  protected  by  its  position  being  covered  from 
the  sea  by  the  protrusion  of  the  rocky  headland,  Point  Loma, 
on  the  other  side;  and  its  safety  is  also  in  part  due  to  the  infre- 
quency  of  storms  in  this  latitude. 

The  Columbia  River  has  the  basaltic  cliff  of  Cape  Disappoint- 
ment for  its  northern  head.  The  south  head,  Point  Adams,  is 
low  and  sandy,  and  is  subject  to  considerable  variation  in  extent 
and  position. 

One  of  the  most  important  and  difficult  engineering  desid- 
erata in  the  improvement  of  these  entrances  is  to  give  perma- 
nence to  the  sandy  spits  which  form  their  shores. 

The  sand-spits  already  described,  as  developing  enclosed  har- 
bors, and  the  long  stretches  of  sand  filling  bights  all  along  the 
Pacific  Coast,  are  interesting  objects  of  study  in  regard  to  their 
position,  their  mode  of  formation  and  the  source  from  which  the 
sands  are  derived.  The  general  tendency  of  these  deposits  is  to 
straighten  the  coast  line.  As  a  rule  a  sandy  coast  is  nearly 
straight.  The  capes  and  points  are  worn  away  by  the  heavy 
waves  that  beat  upon  them,  and  the  detritus  is  carried  by  cur- 
rents, finding  places  of  deposit  in  positions  where  the  currents 
become  reduced,  which  are  in  the  bights  or  retired  portions  of 
the  coast  line. 

The  great  enemy  of  coast  harbor  improvements  is  the  break- 
ing wave  developed  in  the  ocean  it  may  be  near  at  hand  or  at 
some  remote  point  within  the  unbroken  sweep  of  the  whole 
width  of  the  Pacifie,  and  propagated  to  expend  its  force  upon 
our  shores.  This  force  is  not  only  destructive  of  all  construc- 
tions exposed  to  its  action,  but  it  forms  the  bars  that  lie  in  front 
of  our  harbors.  Unresisted,  it  would  entirely  close  the  entrances 
by  a  bank  of  sand  rising  above  high- water  mark.  If  there  were 
no  great  breaking  waves,  all  our  entrances  would  be  less  subject 
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to  change  in  depth  and  alignment,  or  if  there  were  no  masses 
of  sand  to  be  displaced,  the  same  result  would  obtain.  Under 
the  conditions  that  exist,  the  position  arid  depth  of  bar  en- 
trances may  be  taken  to  represent  the  balance  between  the 
force  of  the  outflow  of  water  which  tends  to  conserve  channels, 
and  the  force  of  the  sea  which  tends  to  obliterate  them.  Ever 
varying  as  these  resjiective  forces  are,  within  limits  greater  or 
less,  so  varies  the  channel  which  represents  the  resultant  of  their 
combined  and  opposing  efforts. 

The  conserving  force  is  the  more  steady  and  persistent.  Day 
by  day  and  night  by  night  the  everflowing  tide  clears  a  path  for 
itself,  while  the  hostile  force  manifests  itself  in  less  continuous 
and  more  spasmodic  efforts. 

Something  like  a  measure  of  the  conserving  force  has  already 
been  given  for  a  number  of  harbors,  and  it  remains  to  state 
what  is  known  of  the  magnitude  of  the  wave  force,  which  in 
our  present  state  of  knowledge  must  be  given  in  terms  not  as 
specific  as  could  be  desired. 

A  measure  of  this  force  is  the  depth  in  which  the  oscillations 
of  the  particles  of  a  wave  or  swell  of  the  ocean  are  converted 
by  the  resistance  of  the  bottom  into  motion  of  translation.  The 
top  of  the  wave  moving  with  greater  velocity  than  the  lower  por- 
tion lying  near  the  bottom,  the  phenomenon  of  breaking  is 
manifested  by  the  rapid  projection  of  the  wave,  as  though  it 
were  discharged  from  an  enormous  gun.  The  force  of  the  break- 
ing wave  is  clearly  an  increasing  function  of  its  depth.  The  un- 
usual depths  in  which  the  phenomenon  occurs  is  a  demonstration 
of  the  unusually  destructive  character  of  the  wave. 

The  presence  or  absence  of  mud  on  the  bottom  of  the  ocean 
is  usually  accepted  as  evidence,  in  the  first  case,  that  the  bot- 
tom has  not  been  disturbed,  and  in  the  latter,  that  it  has  been  dis- 
turbed. Mud  settles  only  in  quiet  waters,  and  the  ease  which 
it  is  taken  up  by  water  in  motion  makes  its  presence  or  absence 
a  delicate  test  of  disturbance. 

An  inspection  of  the  charts  of  this  coast  will  discover  that 
mud  is  seldom  recorded  as  found  in  depths  of  ten  fathoms,  and 
frequently  it  is  not  found  in  even  greater  depths.  A  fair  infer- 
ence is  that  waves  frequently  break  in  ten  fathoms.     If  the  in- 
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ference  needs  to  be  corroborated  by  personal  testimony,  there  is 
an  abundance  of  intelligent  statement  available  to  maintain 
that  waves  frequently  break  in  eight  and  in  ten  fathoms.  This 
evidence  it  is  impossible  to  discredit.  A  less  probable  but  pos- 
sibly a  true  statement  is  made  by  reliable  parties  that  breaks 
have  been  seen  in  fifteen  and  even  in  seventeen  fathoms. 

The  seas  here  are  thought  to  be  heavier  than  are  found  else- 
where, unless  it  be  off  the  two  south  continental  capes  and  in 
the  Indian  Ocean. 

So  far  as  evidence  goes,  the  wave  force  is  greater  to  the  north 
than  to  the  south  of  this  port.  Tue  waves  generally  come  from 
the  southwest,  and  from  that  direction  to  west.  The  heaviest 
seem  not  to  be  due  to  storms  near  the  coast,  but  to  be  propa- 
gated from  a  remote  origin  in  the  ocean.  The  great  depth 
of  the  Pacific  favors  the  transmission  of  waves  from  a  distance. 

These  masses  of  water  armed  with  great  velocity  and  endued 
with  a  working  power  proportional  to  its  square,  are  capable  of 
displacing  quantities  of  sand  easily  understood  to  be  enormous, 
but  not  capable  of  estimate.  Fortunately,  their  periods  of  action 
are  generally  short,  lasting  but  a  few  days  at  a  time,  on  this 
part  of  the  coast,  and  less  to  the  southward,  but  more  to  the 
northward,  on  the  Oregon  coast. 

The  southwest  winds,  to  which  storms  of  adjacent  origin  are 
due,  prevail  during  the  winter  season,  and  the  severity  of  the 
southerly  storms  is  known  to  increase  to  the  northward. 

The  northerly  and  westerly  winds  which  prevail  through  the 
greater  part  of  the  year  do  not  produce  waves  of  great  breaking 
force,  and  if,  as  sometimes  happens,  the  largest  waves  visit  us  in 
the  summer,  they  are  due  to  storms  which  may  have  blown 
near  the  Asiatic  shores. 

Another  oceanic  element  which  has  an  influence  upon  our  bar 
channels,  and  which  needs  to  be  considered  in  any  project  for 
their  improvement,  is  the  circulation  of  the  waters  of  the  sea, 
particularly  as  they  result  in  developing  a  littoral  current  along 
the  front  of  the  harbor.  This  current,  combined  with  or  masked 
by  the  tidal  flow  and  ebb,  may  have  a  definite  and  constant 
direction,  or  it  may  be  feeble,  uncertain  and  difficult  to  recog- 
nize.    What  information  we  have  on  the  subject  is  due  rather  to 
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casual  experience  of  mariners  than  to  systematic  observation 
and  study,  these  never  having  been  undertaken. 

It  seems  to  be  established  that  an  oceanic  stream  from  the 
Indian  Ocean,  called  the  Japan  current,  passes  in  a  northerly 
direction  along  the  shores  of  Japan,  thence  to  near  the  Aleutian 
Islands,  reaches  the  Pacific  Coast  near  the  latitude  of  50° ,  and 
moves  down  the  coast  to  a  point  about  Cape  St.  Lucas,  diverg- 
ing there  to  the  westward  to  complete  the  continuity  of  the 
circulation.  "Whatever  this  current  may  be,  it  is  well  known 
that  during  the  summer  and  generally  through  the  season  of 
northerly  winds,  there  is  a  decided  current  down  the  coast  and 
a  quite  noticeable  eddy  in  the  opposite  direction  close  to  the 
points  and  in  the  bights  of  the  coast.  During  calm  weather  and 
during  the  prevalence  of  southerly  winds,  it  seems  that  the  eddy 
current  is  less  noticeable  or  that  its  direction  is  changed  from 
a  northerly  to  a  southerly  direction.  It  is  hardly  possible,  how- 
ever, with  the  information  at  hand,  to  make  an  accurate  gen- 
eral statement  of  these  conditions. 

The  influence  of  a  northerly  eddy  is  apparent  in  the  habit- 
ual direction  of  the  channels  at  soma  bar  entrances.  Coos 
Bay  entrance  is  an  illustration.  The  usual  direction  of  the 
channel  over  the  bar  is  west  of  north  going  out  and  east 
of  south  as  you  enter.  This  direction  appears  to  be  a  result- 
ant of  the  ebb  current,  which  makes  to  the  west,  and  of  the 
littoral  current  or  eddy,  which  follows  the  shore  to  the  north. 
During  the  winter,  when  southerly  weather  prevails,  and  the 
eddy  current  is  either  reduced  in  strength  or  reversed  in  direc- 
tion, the  channel  sometimes  takes  a  new  position,  bearing  west 
to  a  vessel  sailing  out,  or  even  to  the  south  of  west. 

It  may  be  interesting  to  know  the  area  in  cross-section  of 
interior  channels  in  different  materials  which  are  maintained  by 
given  tidal  volumes,  when  there  is  no  great  disturbance  due  to 
waves.  It  will  be  seen  that  there  is  little  uniformity  in  these 
cross-sections.  This  information  has  been  obtained  for  several 
of  the  harbors  mentioned,  with  rocky,  hard  or  sandy  bottoms, 
and  it  enables  us  to  give  an  approximate  statement  of  the 
apparent  mean  velocity  of  the  ebb  tide  in  these  cases. 

The  mean  velocity  is  hardly  an  indication  of  the  maximum, 
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which  we  cau  'readily  understand  to  be  twice  the  mean,  but 
which  in  particular  instances  has  been  found  to  be  three  or  four 
times  the  niean.  It  is  to  be  remarked,  however,  that  a  current 
in  practice  never  occupies  the  whole  of  the  cross-section  of  a 
channel.  On  its  borders  there  is  commonly  found  a  reverse  or 
eddy  current,  and  it  is  known  from  observation  that  surface  and 
bottom  currents  may  be  at  the  same  moment  in  opposition. 
The  actual  mean  velocity  must,  therefore,  be  in  excess  of  the 
apparent  velocit}'.  "While  these  circumstances  must  affect  in 
unknown  degree  the  value  of  the  approximations  here  given,  yet 
it  appears  that  these  estimates  have  some  value  in  fixing  our 
ideas,  or  in  markiug  a  step  in  investigation. 

San  Francisco  harbor,  which  we  may  estimate  to  discharge  on 
an  ebb  tide  nearly  three  million  cubic  feet  per  second,  has  a  low 
water  cross-section  at  its  throat,  the  Golden  Gate,  [Fort  Point  to 
Lime  Point]  of  902,000  square  feet,  with  a  maximum  depth  of 
69  fathoms.  The  cross-section  at  the  heads,  [Point  Boneta  to 
Point  Lobos]  at  low  water,  is  1,101,615  square  feet,  with  a 
maximum  depth  of  25  fathoms.  The  channel,  [Black  Point  to 
Alcatraz]  is  122,222  square  feet;  from  Alcatraz  to  Angel  Island, 
is  699,854,  and  from  Angel  Island  to  the  mainland,  at  Peninsula 
Point,  is  351,518.  Adding  the  last  three,  we  have  a  total  low 
water  cross-section  of  1,176,821. 

The  bottom  on  first  and  smallest  section  is  defined  on  chart  as 
rocky.  The  section  at  the  heads  is  rocky,  pebbly  and  sandy,  and 
the  section  by  the  islands  of  the  harbor  is  classed  as  hard  bot- 
tom in  most  places. 

The  bar  of  this  harbor,  measured  on  its  crest  from  the  north 
shore  to  the  south  beach,  is  about  11  miles  in  length.  Taking  a 
section  on  this  line,  we  have  low  water  depths  from  10  fathoms 
under  Point  Boneta,  to  3.5  fathoms  with  sandy  bottom.  The  low 
water  area  of  this  section  is  2,139,000  square  feet.  To  recapit- 
ulate, the  Golden  Gate  section  is  902,000  square  feet;  the  Point 
Lobos,  1,101,615;  the  islands  section,  1,176,821,  and  the  bar 
section,  2,139,000  square  feet.  The  corresponding  apparent 
mean  velocities  will  vary  in  inverse  proportion  from  about  one 
to  three  feet  per  second. 

The  cross-section  of  the  Columbia  River  just  before  it  debouches 
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from  the  heals,  is  at  low  water  about  430,000  square  feet,  with 
a  maximum  depth  of  45  feet,  with  sandy  bottom,  and  the  mean 
tide  section  corresponds  to  a  mean  velocity  of  about  2  feet  per 
secoDd.  The  limits  of  variation  of  low  water  depth  on  the  bar 
are  about  18  and  27  feet.  The  depth  is  usually  found  between 
limits  of  19  and  22  feet.  The  mean  rise  and  fall  of  the  tide 
being  6  feet,  the  high  water  depth  is  usually  26  to  28  feet. 

The  San  Diego  cross-sections,  inside  the  heads,  average  about 
80,000  square  feet,  and  correspond  to  a  meau  velocity  of  some- 
thing less  than  2  feet  per  second.  The  low  water  depth  on  the 
bar  varies  little  from  21  feet,  which  is  equivalent  to  25  feet  at 
ordinary  high  water. 

The  volume  of  water  in  motion  and  its  velocity  being  approx- 
imately ascertained,  are  the  measure  of  the  conserving  force  in 
our  harbors.  The  working  power  of  this  current,  theoretically, 
is  proportional  to  the  second  power  of  its  velocity. 

A  diminution  of  velocity  resulting  from  a  decrease  of  the 
tidal  prism  may  impair  the  working  force  with  an  accelerated 
ratio. 

This  element,  the  conserving  force,  although  constantly  and 
necessarily  undergoing  loss  from  action  of  nature,  which  by  the 
force  of  gravity  is  continually  decreasing  tidal  areas,  comes,  nev- 
ertheless, partially  under  human  control,  to  the  extent  that  com- 
mercial or  industrial  interests  encroach.  These  encroachments 
may  be  limited  with  propriety  to  their  minimum  limit,  when 
they  occur  in  positions  that  by  occupation  inflict  injury.  All 
portions  of  a  tidal  area  or  prism  are  not  equally  valuable  in 
their  conserving  influence,  and  it  may  well  be  that  a  particular 
area  can  be  embanked  without  appreciable  diminution  of  useful 
force,  whereas  the  same  loss  of  volume  differently  situated  might 
•work  serious  injury.  The  rule  is  in  this  respect,  that  the  water 
which  escapes  during  the  last  half  of  the  ebb  is  more  valuable 
than  the  portion  which  makes  up  the  earlier  outflow. 

It  therefore  behooves  the  commercial  interests  of  our  ports  to 
have  all  encroachments  upon  tidal  areas  scientifically  consid- 
ered, in  order  that  the  probable  injury,  if  any,  can  be  ascertained 
and  guarded  against. 

Considerations  of  this  kind  are  not  likely  to  attract  much  at- 
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tention,  or  to  have  much  influence  on  men's  minds  in  the  activi- 
ties of  new  communities,  which  have  euough  in  the  present  to 
occupy  attention  without  anticipating-  the  future,  and  to  whom  a 
small  present  good  more  than  counterbalances  an  evil  of  any 
magnitude,  the  occurrence  of  which  is  not  to  happen  in  their 
day  and  generation. 

The  force  of  the  waves  and  the  enormously  destructive  power  of 
a  sea  breaking  in  10  fathoms  of  water,  are  on  the  other  hand  be- 
yond our  control.  These  waves  must  ever  break  upon  our  sandy 
shores  and  displace  at  will  the  volumes  of  sand  that  may  be  ex- 
posed to  their  efforts.  This  consideration-makes  it  imperative  to 
preserve  the  tidal  influence,  which  alone  can  be  relied  to  resist 
injurious  changes,  or  to  restore  a  channel. 

The  ends  sought  in  improvement  of  bars  are  to  give  perma- 
nent alignment  and  adecpiate  depth  to  the  channels.  The 
volumes  of  water  contributed  by  the  tide  are  generally  sufficient 
to  maintain  convenient  channels,  and  it  only  needs  that  these 
volumes  shall  be  controlled  and  directed  along  permanent  lines 
to  ensure  the  desired  depths. 

The  problem  is  thus  reduced  to  the  establishment  of  perma- 
nent headlands,  in  suitable  positions,  and  the  difficulty  lies  in 
making  secure,  the  necessary  constructions.  In  some  instances 
it  is  possible  to  arrange  so  that  the  sand,  moved  by  wave  or  cur- 
rent, is  itself  made  into  a  jetty,  and  being  protected  by  artificial 
means,  in  turn  is  made  to  protect  the  constructions  from  the 
blows  of  the  waves. 

The  force  of  the  latter  indicates  the  desirability  of  keeping 
exposed  structures  low,  and  in  the  general  case  this  is  proba- 
bly the  best  policy ,  although  it  sacrifices  necessarily  in  some 
degree  the  control  of  the  tidal  current  which  it  is  desired  to 
direct.  A  compromise  of  this  kind  founded  on  a  full  under- 
standing of  the  conditions,  may  be  necessary  to  afford  a  prac- 
tical advantage,  not  the  possible  maximum,  at  a  practicable 
cost. 

A  structure  rising  only  to  half  tide  will  permit  the  breaking 
wave  to  pass  over  it,  and  will  thus  escape  the  greater  part  of 
its  destructive  force,  while  at  the  same  time  it  serves  to  control 
and  direct  that  portion  of  the  ebb  tide  which  observation  shows 
to  be  most  active  in  deepening  the  channel  section. 
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A  construction  built  up  only  to  low  water  is,  of  course,  sub- 
ject to  a  minimum  of  exposure,  while  at  the  same  time  it  exer- 
cises a  decided  and  appreciable  influence  in  directing  the  ebb 
current. 

The  difficulty  of  securing  permanence  to  constructions  resting 
upon  a  sandy  bottom  and  exposed  to  powerful  destructive  in- 
fluences of  current  and  wave* will  readily  be  understood  to  be 
considerable,  and  as  yet  there  is  little  experience  in  these  opera- 
tions on  the  Pacific  Coast;  but  it  is  probable  that  the  Columbia 
River  and  other  instances  of  improvement  will  soon  be  under- 
taken, which  will  afford  interesting  examples  of  contest  with 
forces  yet  but  vaguely  estimated. 
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KUTTER'S   FORMULA. 

By  P.  J.  Flyx-v,  M.  Tech.  Soc. 
Read  January  8,  1886. 

Kutter's  formula  for  feet  measures  is — 

V=c]    ,-,         .     *    -         -         -         -         (1) 

4l          Lffll        ,00281 
1        n        '         s 
where        C7  = -; ,002S1>.    n  <2) 

l+C41-6+— )yT 

In  this  formula  and  in  what  follows — 
Y=  velocity  in  feet  per  second. 
G  =  co-efficient  of  mean  velocity. 
S  =  fall  of  water  surface  (h).  in  any  distance  (/),   divided   by 

h         .         ,    , 
that  distance  =-7  =  sine  of  slope. 

E  =  hydraulic  mean  depth  in  feet  =  area  of  cross  section  of 
pipe  or  conduit  or  channel  in  square  feet  divided  by  its 
wetted  perimeter  in  lineal  feet. 
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D  =  diameter  of  pipe  or  conduit. 

N—  the  natural  co-efficient,  the  value  of  which  depends  on  the 
nature  and  condition  of  the  bed  of  the  channel  through 
which  the  water  flows,  or  in  other  words  its  degree  of  rough- 


In  that  admirable  and  useful  work,  Molesworth's  Pocket  Book 
of  Engineering  Formulce,  a  modified  form  of  Kutter's  formula 
for  pipe  discharge  is  given,  in  which  the  value  of 

.00281 
181   +  

6'  = — -        (3) 

S  .O0281X 

1  +  .020 f  41  G  +  — - — J 

For  facility  of  reference  I  will  call  this  equation  Molesworth's 

Kutter  (3),  and  equation  (2)  Kutter's  formula  (2).  No  mention 
is  made  by  Molesworth  of  the  value  of  n,  that  is,  as  to  whether 
the  formula  is  intended  to  apply  to  pipes  having  a  rough  or  a 
a  smooth  inner  surface.  An  investigation  will,  however,  show 
that  his  formula  is  accurately  applicable  to  only  one  diameter, 
that  is,  to  a  diameter  of  one  foot,  and  with  the  value  of  n  =  .013. 

The  value  of  the  term .in   formula   (2)  is  given  by  Moles- 

Vr 
worth  in  formula  (3)  as  a  constant  quantity,  whereas,  in  fact  it  is  a 
variable  quantity,  its  value,  with  the  same  value  of  n,  changing 
with  every  change  in  the  hydraulic   mean    radius   or  diameter  of 
pipe. 

Now,  assuming  the  value  of  n  taken  by  Molesworth  to  be  = 
.013,  and  substituting  this  value  for  n  in  formula  (2),  we  have 


1.811         .00281 


C 


181  + 

a=i  +  Ai.e  +  ^1)^i£  "  "   (4) 


but  by  Molesworth's  Kutter  (3) 
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.013 
V7 

= 

.026 

•■■ 

l/r  = 

=  0. 

5 

r  = 

.25 

and 

d  = 

1 

If  we  substitute  in  formula  (4)  for  -\/ r  its  value  0.5,  we  have — 

.00281 

181  +  

s 

C  = 


(. 00281  \ 
41-6  +  -7— ) 

which  is  Molesworth's  Kutter. 

It  is,  therefore,  apparent  that  no  matter  what  the  value  of  n 
may  be,  Molesworth's  Kutter  (3)  does  not  give  the  same  results 
as  Kutter's  formula,  as  it  gives  a  constant  co-efficient  of  velocity 
c,  for  all  diameters  having  the  same  slope  and  the  same  value 
of  n. 

Kutter's  formula  (2)  has  certain  peculiarities  which  are  wanting 
in  Molesworth's  Kutter,  and  an  investigation  will  show  that 
Molesworth's  Kutter  differs  materially  from  Kutter's  formula, 
and  that  its  application,  except  to  one  diameter,  is  sure  to  lead  to 
serious  error.     I  will  briefly  explain.     In  what  follows  u  =  .013. 

1.  By  Kutter's  formula  (2)  the  value  of  c.  or  the  velocity, 
changes  with  every  change  in  the  value  of  r,  s  or  n,  and  with  the 
same  slope  and  the  same  value  of  n,  the  value  of  c  increases  with 
the  increase  of  r,  that  is,  with  the  increase  of  diameter.  It  is 
on  this  variability  of  its  co-efficient  to  suit  the  different  changes 
of  slope,  diameter  and  lining  of  channel  that  the  accuracy  of 
Kutter's  formula  depends. 

By  Molesworth's  Kutter  a  change  in  the  diameter,  other  things 
remaining  the  same,  does  not  affect  the  value  of  c.  With  the 
same  slope  the  value  of  c  is  constant  for  all  diameters. 
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As  an  instance,  with  a  slope  of  1  in  1,000 — 


20  Feet  Diameter. 
C  = 


By  Kutter's  formula  (2) 
By  Molesworth's  Kutter  (3) 


146.0 

85.3 


It  will  thus  be  seen  that  the  value  of  c  by  Kutter's  formula  (2) 
when  s  =  .001,  has  a  large  range  from  69.5  to  146,  showing  an 
increase  of  111  per  cent,  from  a  diameter  of  6  inches  to  a  diam- 
eter of  20  feet.  In  this  case,  Molesworth's  Kutter  gives  a  con- 
stant co-efficient  of  85.3,  and  this  co-efficient  applies  to  all  diam- 
eters with  a  slope  of  1  in  1,000. 

It  will  be  further  found  that  Molesworth's  formula  gives  the 
value  of  c,  and,  therefore,  the  value  of  the  velocity  and  discharge 
too  high  for  diameters  less  than  one  foot,  and  too  low  for  diam- 
eters above  one  foot,  and  the  more  the  diameter  differs  from  one 
foot  the  greater  is  the  error.  In  these  respects  it  follows  the  er- 
rors of  the  old  formulae. 

2.  According  to  Kutter's  formula  (2)  the  value  of  c  increases 
with  the  increase  of  slope  for  all  diameters  whose  hydraulic 
mean  depth  is  less  than  3.281  feet — one  metre —  and  with  a  hy- 
draulic mean  depth  greater  than  3.281  feet,  an  increase  of  slope 
gives  a  diminution  in  the  value  of  c. 

The  small  table  given  herewith  given  shows  this. 


Molesworth's  Kutter,    c 
Kutter's  formula,  c 


12  Feet  Diameter. 


1  in  1,000. 


85.3 
137.7 


1  iu  40. 


86.9 
137.9 


20  Feet  Diameter. 


1  iu  1,000. 


85.3 
146.0 


1  in  40. 


86.9 
145.7 


It  will  be  seen  that  by  Kutter's  formula,   when  »-  =  3  feet, 
that  is,  less  than  3.281  feet,  an  increase  in  the  slope    from   1  in 
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1,000  to  1  in  40  causes  a  slight  increase  in  the  co-efficient,  but 
when  r  is  5  feet,  that  is,  more  than  3.281  feet,  the  same  increase 
in  the  slope  causes  a  slight  diminution  in  the  value  of  c. 

By  Molesworth's  Kutter,  when  r  =  3  feet  an  increase  in  the 
slope  from  1  in  1,000  to  1  in  10  causes  a  greater  proportional  in- 
crease in  the  co-efficient  than  Kutter  gives,  and  when  r  =  5  feet 
the  value  of  the  co-efficient  does  not  diminish  with  the  increase 
of  slope,  but,  on  the  contrary,  it  increases  with  the  increase  in 
slope,  and  its  value  is  the  same  as  when  /■  =  3  feet. 

3.     By  Kutter's  formula  (2)  when  the  hydraulic  mean  depth  is 

equal  to  3.281  feet  (one  metre),  the  value  of  c  is  constant  for   all 

1.811  1.811 

slopes,  and  is  =  — ■ —  which  in  this  case  =     fi, .,   =  139.31 

Let  r  =  3.281  feet,   and,   therefore,    -j/^T  =  1/3  281  =  1-811, 

substitute  this  value  in  formula  (2)  for  ^    ^and  we  have 


C  = 


1.811          .00281 
11.6  +  +   


(.  00281X 


.811 

and 

n      1.811 

.*.    C=  and  when  n=  .013 

n 

(7  =  139.31. 

This  is  the  only  instance,  I  believe,  where  Kutter's  formula  (2) 
gives  a  constant  co-efficient  with  a  change  of  slope.  By  Moles- 
worth's  Kutter,  on  the  contrary,  the  value  of  c  changes  with 
every  change  of  slope  when  r  =3.281  feet. 

It  is  evident  that  Molesworth's  formula  was  adopted  in  order 
to  simplify  the  application  of  Kutter's  formula  (2),  but  its  sim- 
plification is  of  no  practical  use  as  it  gives  very  inaccurate  re- 
sults. As  shown  above,  with  the  exception  of  its  application  to 
one  diameter,  the  formula  is  not  Kutter's,  although  in  appear- 
ance bearing  a  resemblance  to  it.  However,  a  modification  of 
Kutter's  formula  can  be  made,  simpler  in  form  than  even  Moles- 
worth's  Kutter,  and  giving  results  near  enough  for  all  practical 
purposes  to  those  obtained  by  the  use  of  the  more  complicated 
Kutter  formula  (2). 
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The  value  of  C  in  Kutter's  formula  (2)  with  a  slope  of  1  in 
1,000  and  n  =  .013,  is  thus  expressed: 


C 


c  = 


1.811         .00281 

41  6  +  ToIT  +  "TooT 


( 


41.6  -f 


00281X  .013 
.001  )^/V 


and 


183 . 72 


1  +  44.41  X 


.013 
y'r 


(5) 


The  following  table  will  show  the  value  of  the  co-efficient  c 
for  several  slopes  and  diameters  according  to  formulae: 


Moleswortb's 

Kutter's 

Formula 

Kutter  (3) 

Formula  (2) 

(5) 

O  — 

C  — 

C  = 

6  in.  diam. 

slope  1  in       40 

86  ,9 

71.5 

69.5 

6  " 

"      1  in  1000 

85.3 

69.5 

69.5 

4  ft.      " 

"      1  in    400 

87.2 

117.0 

116.5 

4  "       << 

"      1  in  1000 

85.3 

116  5 

116.5 

8  " 

"      1  in     700 

85.8 

130  5 

130.5 

8  "       c: 

"      1  in  2600 

82.9 

129.8 

130.5 

This  table  shows  the  close  agreement  of  formula  (5)  with  Kut- 
ter's formula  (2),  and  it  also  shows  the  inaccurate  results  ob- 
tained by  the  use  of  Moleswortb's  Kutter  (3). 

The  first  column  of  this  table  shows  that  a  formula  with  a 
constant  value  of  c  =  85,  that  is, 

r=85!/r»  -         -         -  (6) 

will  give  results  differing  in  an  extreme  case,  only  2^  per  cent, 
from  Moleswortb's  Kutter,  and  in  the  greater  number  of  cases, 
differing  only  about  one  per  cent. 

The  second  column  of  the  table  shows  the  wide  range  of  the 
co-efficient  c,  by  Kutter's  formula  (2),  from  69.5  to  130.5  to  suit 
the  different  changes  in  the  hydraulic  mean  depth  and  slope. 
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The  objection  to  the  old  formuke  was  that  they  gave  velocities 
too  high  for  small  pipes  and  channels,  and  too  low*for  large 
pipes  and  channels.  The  following  table  .will  show  that  the 
same  inaccurate  results  are  obtained  by  the  use  of  Molesworth's 
Kutter  (3). 


Velocity  in  Feet  per  second  by 

Molesworth    (3) 

Kutter  (2) 

Formula 

(5) 

6  in.  diam.  slope  1  in       40 

4.86 

4.00 

3.89 

6  " 

"     1  in  1000 

0.95                 0.78 

0.78 

4  ft.       ' 

"     1  in     400 

4.36                 5.85 

5.83 

4  <■<■       ' 

"     1  in  1000 

2.70 

3.68 

3.68 

8  "       ' 

"     1  in     700 

4.59 

6.97 

6.97 

8  " 

"     1  in  2600 

2.30 

3.60 

3.62 

This  table  shows  that  there  is  a  wide  difference  between  the 
velocities  obtained  by  Molesworth's  Kutter  (3)  and  Kutter's  for- 
mula (2),  and  it  further  shows  that  for  the  slopes  usually  adop- 
ted in  practice  for  pipes,  sewers,  conduits,  etc.,  that  it  is  for 
slopes  not  flatter  than  2  feet  per  mile,  or  1  in  2640,  formula 
(5)  will  give  velocities  that  for  all  practical  purposes  may  be  con- 
sidered as  almost  identical  with  the  velocities  obtained  by  Kut- 
ter's formula  (2).  The  difference  is  generally  less  than  one  per 
cent.,  and  it  seldom  reaches  three  per  cent. 

Mr.  L.  D'A.  Jackson,  C.  E.,  in  his  Hydraulic  Manual,  and  Mr. 
R.  Hering,  C.  E.,  in  a  paper  read  before  the  Am.  Soc.  C.  E.,  in 
1878,  extend  the  range  of  materials  to  which  the  different  values 
of  n  adopted  by  Kutter  apply. 

A  table  of  the  value  of  n  for  different  materials,  compiled  from 
Kutter,  Jackson  and  Hering,  is  herewith  given,  and  this  value 
of  n  applies  also  in  each  instance  to  the  surfaces  of  other  mater- 
ials equally  rough. 

n  =  .009.     Well  planed  timber,  in  perfect  order  and  alignment; 
otherwise,  perhaps  .010  would  be  suitable. 
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n  =  .010.  Plaster  in  pure  cement;  planed  timber;  glazed, 
coated  or  enamelled  stoneware  and  iron  pipes;  glazed 
surfaces  of  every  sort  in  perfect  order. 

n  =  .011.  Plaster  in  cement  with  one-third  sand,  in  good  con- 
dition; also,  for  iron,  cement  and  terra  cotta  pipes, 
well  jointed  and  in  best  order. 

n  =  .012.  Unplaned  timber  when  perfectly  continuous  on  the 
inside.     Flumes. 

n  =  .013.  Ashlar  and  well  laid  brickwork;  ordinary  metal; 
earthenware  and  stoneware  pipe  in  good  condition, 
but  not  new;  cement  and  terra  cotta  pipe  not  well 
jointed  nor  in  perfect  order;  plaster  and  planed 
wood  in  imperfect  or  inferior  condition;  and  gener- 
ally the  materials  mentioned  with  n  =  .010,  when 
in  imperfect  or  inferior  condition. 

n  =  .015.  Second  class  or  rough-faced  brickwork;  well  dressed 
stonework;  foul  and  slightly  tuberculated  iron;  ce- 
ment and  terra  cotta  pipes  with  imperfect  joints  and 
in  bad  order;  and  canvas  lining  on  wooden  frames. 

n  =  .017.  Brickwork,  ashlar  and  stoneware  in  an  inferior  con- 
dition; tuberculated  iron  pipes;  rubble  in  cement  or 
plaster,  in  good  order;  fine  gravel,  well  rammed,  £ 
to  §  inches  diameter;  and  generally  the  materials 
mentioned  with  n  =  .013  when  in  bad  order  and 
condition. 

n  =  .020.  Ruble  in  cement,  in  an  inferior  condition;  coarse 
rubble,  rough  set,  in  a  normal  condition,  coarse  rub- 
ble, set  dry;  ruined  brickwork  and  masonry;  coarse 
gravel,  well  rammed,  from  1  to  1J  inches  diameter; 
canals  with  beds  and  banks  of  very  firm,  regular 
gravel  carefully  trimmed  and  punned  in  defective 
places;  rough  rubble,  with  bed  partially  covered 
with  silt  and  mud;  rectangular  wooden  troughs  with 
battens  on  the  inside  two  inches  apart. 

n  =  .0225.  Coarse,  dry-set  rubble  in  bad  condition. 

The  accuracy  of  the  results  by  Kutter's  formula  depends  on 
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the  proper  selection  of  the  value  of  n  for  the  surface  of  the  ma- 
terial over  which  the  water  flows. 

Again  referring  to  the  simplified  form  of  Kutter's  formula  (5); 
if,  in  this  equation,  we  call  the  numerator  on  the  right  hand  side 
of  the  equation  K  for  any  value  of  n,  we  have 


E 


C  = 


and  F  — 


1   -f-   44.41   X 


Vr 


E 


44  41    X 


l/« 


(7) 


1    r 


In  the  following  table  the  value  of  K is  f^iven  for  the  sevei-al 
values  of  n  already  referred  to. 


n 

K 

.009 

245 . 63 

.010 

225.51 

.011 

209.05 

.012 

195.33 

.013 

183.72 

.015 

105.14 

.017 

150.1)4 

.0-20 

134.96 

.0225 

124.90 

If,  therefore,  in  the  application  of  formula  (7)  within  the  limits 
of  n  as  given  in  the  table,  and  within  the  limits  of  slope  of  I  in 
2640,  as  already  explained,  we  suLstitute  for  n  and  E their  values 
found  on  the  same  line  in  table,  and  also  the  value  of  j/^  from 
the  table  given  below,  we  have  a  simplified  form  of  Kutter's 
formula. 

For  iustance,  when  n  =  .011  and  D  =  2  feet,  we  have 


V '  = 


209.05 


+   ( 


•41  X  ^) 
.7077 


X  v 


(8) 
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Table  giving  Value  of  \/Tn 


Diameter   in 

Diameter  in 

vV 

Vr 

Feet. 

Inches. 

Feet. 

Inches. 

0 

5 

0.323 

i 

2 

6 

0.790 

0 

6 

0.354 

2 

9 

0.829 

0 

7 

0 .  382 

3 

0 

0.866 

0 

8 

0.408 

3 

3 

0.901 

0 

9 

0.433 

3 

6 

0 .  935 

0 

10 

0.456 

3 

9 

0.968 

0 

11 

0.479 

4 

0 

1.000 

0 

0 .  500 

4 

3 

1.031 

1 

0.520 

4 

6 

1.061 

2 

0.540 

4 

9 

1.089 

3 

0.559 

5 

0 

1.118 

4 

0.577 

5 

3 

1.146 

5 

0.595 

5 

6 

1 .  173 

6 

0.612 

5 

9 

1.199 

7 

0.629 

6 

0 

1.225 

8 

0 .  646 

6 

6 

1.275 

9 

0.661 

7 

0 

1.323 

10 

0.677 

7 

6 

1 .  369 

11 

0.692 

8 

0 

1.414 

2 

0 

0.707 

9 

0 

1.500 

2 

1 

0.722 

10 

0 

1.581 

2 

2 

0.736 

11 

0 

1 .  658 

2 

3 

0.750 

12 

0 

1.732 

2 

4 

0.764 

13 

0 

1.803 

2 

5 

0.777 

14 

0 

1.871 
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MINUTES  OF  MEETINGS. 

REGULAR    MEETING. 

January  8,  1886. 
President  Mendell  in  the  Chair. 

Minutes  of  preceding  meeting  read  and  approved. 

The  following  propositions  for  membership  were  made: 

Gardner  F.  Williams,  proposed  by  Aug.  J.  Bowie,  Jr.,  Geo. 
J.  Specht  and  C.  G.  Tale. 

Irving  M.  Scott,  proposed  by  Aug.  J.  Bowie,  Jr.,  L.  L.  Rob- 
inson and  W.  R.  Eckart. 

John  B.  Hobson  (non-resident),  proposed  by  Charles  F.  Hoff- 
mann, Ross  E.  Browne,  F.  Von  Leicht. 

Col.  Geo.  H.  Mendell  read  a  paper,  "  Statement  of  Physical 
Conditions  affecting  Coast  Harbors,  with  some  reflections." 

The  following  amendment  to  the  By-Laws  was  read  and 
adopted : 

Article  VOT.  "Sec.  7.  Copyrights  of  all  papers,  communicated  to  and  accepted  by  the 
Executive  Committee  shall  be  Tested  in  the  Society,  unless  otherwise  agreed  between  the 
Board  of  Direction  and  the  author.  The  Society  is  not,  as  a  body,  responsible  for  the  statements 
of  facts  or  opinions  advanced  in  papers  or  discussions  at  its  meetings;  and  it  is  understood  that 
papers  and  discussions  should  not  include  matters  relative  to  politics  or  purely  to  trade. 
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A  paper  on  "  Kutter's  Formulae/'  by  P.  J.  Flynn,  was  submit- 
ted by  title  for  printing. 

Mr.  Bowie  offered  an  amendment  to  the  proposed  amend- 
ments which  had  been  submitted,  but  it  was  ruled  out  of 
order,  on  the  ground  that  amendments  to  Constitution  could 
only  be  considered  at  the  annual  meeting. 

Mr.  Wheeler  also  offered  an  amendment. 

A  general  informal  discussion  ensued  concerning  amendments 
to  the  Constitution. 

The  Secretary  was  finally,  on  motion,  instructed  to  print,  not 
only  amendments,  but  the  original  article  to  be  amended  and 
the  suggestion  offered  at  the  meeting,  and  send  them  to  mem- 
bers before  the  annual  meeting. 

In  the  matter  of  collecting  funds  for  furnishing  the  new  rooms, 
Mr.  Robinson  moved  an  assessment  of  $5.00  on  each  member  of 
the  Society. 

Mr.  Molera  amended  that  an  assessment  of  $1.50  be  levied  on 
each  member. 

Mr.  Bowie  moved  that  an  assessment  of  $2.50  be  levied  on 
each  member. 

Mr.  Gutzkow  moved  that  a  further  request  for  voluntary  sub- 
scriptions be  made,  which  motion  was  carried. 


ANNUAL    MEETING. 

January  16,  1886. 
President  Mendell  in  the  Chair. 

The  tellers  appointed  to  count  the  ballots  cast  for  officers  of 
the  Society  for  1886,  reported  the  election  of  the  following: 

President,  Col  George  H  Mendell,  U.  S.  A.;  Vice-President, 
George  J.  Specht;  Secretary,  Charles  G.  Yale;  Treasurer,  G.W» 
Piercy. 
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Board  of  Direction — Aug.  J.  Bowie,  Jr.,  G.  W.  Dickie,  E.  J. 
Molera,  G.  F.  Allardt,  E.  C.  Burr. 

The  report  of  the  Board  of  Direction  was  read  by  the  Secre- 
tary, and  ordered  spread  on  the  minutes. 

San  Francisco,  January  16,  1836. 
To  the  Meihbeis  of  the   Technical  Society  of  the  Pacific  Coast: 

Gentlemen"— In  accordance  with  the  terms  of  the  Constitution,  the  Board 
of  Direction  desire  to  submit  a  brief  report  and  some  estimate  of  probable 
expenses  for  the  year. 

The  membership  of  the  Society  remains  about  the  same  as  it  was  at  thi 
time  last  year.     Some  members  have  moved  away  or  resigned,  and  the  new 
members  elected  have  about  kept  up  the  number.     We  have  elected  during 
the  past  year  11  resident  members,  2  non-resident  and  2  associate  members' 
and  now  have  a  total  of  135  members  in  good  standing. 

We  have  expended  during  the  past  year,  as  per  Treasurer's  report, 
$1,525.04.     These  expenditures  were  as  follows : 

Printing  Transactions §575  26 

Engraving 219  00 

Circulars,  cards,  etc 1 35  95 

Eent ISO  00 

Salary  of  Secretary 275  00 

Commissions  on  collections 51  64 

Stationery,  postals,  etc 33  65 

Miscellaneous 11  60 

Postage 42  94 

We  have  expended,  in  fact,  more  than  was  received  from  dues  for  the  cur- 
rent year,  back  dues  collected  having  made  up  the  deficiency. 

The  uncollected  dues  are  small,  all  the  members  now  paying  \\\\  more  reg- 
ularly than  during  our  first  year. 

For  part  of  the  year  our  rent  was  $20  per  month,  but  latterly  $10  per 
month,  and,  although  the  new  rooms  are  $20  per  month,  the  Board  can  in 
other  ways  effect  an  economy  which  will  keep  these  expenses  about  the  same 
as  the  $10  rate  for  the  rooms. 

We  expect  this  year  to  decrease  the  amount  of  expenditures  for  engravings, 
but  it  is  difficult  to  say  what  the  publication  of  the  Transactions  will  cost. 
The  circulars,  cards,  etc.,  which  cost  $135  last  year,  will  cost  much  le>s  this 
year,  as  we  now  have  a  good  supply  on  hand. 

The  fees  and  dues  for  1885  were  $1,188,  and  we  expect  fully  that  amount, 
if  not  more,  for  tbis  year.  We  shall,  of  course,  have  to  limit  our  expendi- 
tures accordingly. 
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We  have  established  exchanges  with  57  societies,  whose  proceedings  we 
now  receive.  This  is  giving  us  a  nucleus  for  a  library,  which  will  increase 
the  usefulness  of  the  Society  for  its  members. 

It  is  to  be  hoped  that  each  one  will  try  and  induce  at  least  one  friend  to 
joiu  the  Society  this  year.  Our  membership  can  be  increased  materially  if 
those  who  now  belong  will  bring  the  Society  to  the  atteution  of  others  inter- 
ested in  the  technical  branches. 

The  renting  of  a  special  room  brings  no  increase  of  expense  to  the  Society, 
for  the  reasons  mentioned;  and  by  reducing  expenditures  for  engravings, 
circulars,  etc.,  we  expect  to  be  able  to  carry  on  the  Society  for  the  year  with- 
out indebtedness. 

The  Treasurer's  report  wa3  received  and  ordered  spread  on  the 
minutes. 

T>>  tie  Officers  and  Members  if  the  Technical  Society  of  the  Pacific  Coast: 

Gentlemen — I  submit  the  following  as  the  Treasurer's  report  for  the  year 
ending  December  31st,  1SS5. 

RECEIPTS. 

Cash  from  former  Treasurer $268  40 

Fees  and  dues  for  1884 ]5.">  00 

Fees  and  dues  for  1885 1,188  50 

Total  receipts $1,61190 

DISBURSEMENTS. 

Printing  Transactions   $575  26 

Engravings 219  I  0 

Printing  circulars,  cards,  etc 135  95 

Kent  of  Hall ISO  00 

Salary  of  Secretary '275  00 

Commissions  ou  Collections . . .    51  64 

Postage  stamps 42  94 

Stationery,  postals,  etc 33  65 

Miscellaneous 1 1  60 

Total  expenses   . . .      S  1,525  04 

Cash  on  hand 

Uncollected  dues  for  1885  (about) 160  00 

Liabilities  for  same  (about) 25  00 

Balance  (about) $35  10 

It  will  be  seen  from  the  foregoing  statement  that  the  amount  of  dues  and 
fees  collected  for  the  year  1885  is  about  $340  less  than  the  expenses  for 
same,  and  that,  but  for  the  surplus  on  hand  at  the  beginning  of  the  year, 
and  the  back  dues  collected  for  1884,  there  would  be  a  deficit  of  about  the 
amount  stated.  Kespectfully  submitted, 

G.  W.  PERCY,  Treasurer. 


30  Minutes  of  Meetings. 

At  the  previous  meeting  of  the  Society,  the  Secretary  was  in- 
structed to  send  to  members  not  only  the  proposed  amendments 
to  the  Constitution,  previously  printed,  bat  the  changes  sug- 
gested at  the  meeting  of  January  8th. 

These  proposed  amendments  were  as  follows: 

To  amend  Article  XII  of  the  Constitution  as  follows: 

To  strike  out  Article  XII,  and  to  substitute  the  following  article:  "The  Board  of  Direction 
shall  consist  of  a  President,  two  Vice-Presidents,  a  Treasurer,  a  Secretary,  and  six  Directors,  to 
hold  office  as  follows:  The  President,  Secretary  and  Treasurer  for  one  year  (and  no  person  shall  be 
eligible  for  immediate  re-election  as  President  who  shall  have  held  that  office  subsequent  to  the 
adoption  of  this  article  for  two  consecutive  years);  the  Vice-Presidents  for  two  years,  and  the  Direc- 
tors for  three  years;  and  no  Vice-President  and  no  Director  shall  be  eligible  for  immediate  re-elect- 
ion to  the  same  office  on  the  expiration  of  the  term  for  which  he  was  elected.  At  each  annual 
meeting,  a  President,  one  Vice-President,  tv.o  Directors,  one  Secretary  and  one  Treasurer  shall 
be  elected,  and  the  time  of  office  shall  continue  until  the  adjournment  of  the  meeting  at  which 
their  successors  have  been  elected. 

Vacancies  in  the  Board  of  Direction  may  occur  by  death  or  resignation,  or  the  Board  may,  by  a 
majority  of  all  its  members,  declare  the  place  of  any  officer  vacant,  upon  his  failure  for  six  months 
from  inability  or  otherwise,  to  attend  the  meetings  of  the  Board,  or  perform  the  duties  of  his  office. 
All  vacancies  shall  be  filled  by  the  appointment  of  the  Board  of  Direction,  and  any  person  so  ap. 
pointed  shall  hold  office  for  the  remainder  of  the  term  for  which  his  predecessor  was  elected  or 
appointed,  provided  that  the  sail  appointment  shall  not  render  him  ineligible  at  the  next  annual 
meeting. 

Five  members  of  the  Board  shall  constitute  a  quorum,  but  business  may  be  transacted  at  a  regu- 
larly called  meeting  of  the  Board,  at  which  less  than  a  quorum  is  present,  subject  to  approval  of 
the  Board,  subsequently  given  in  writing  to  the  Secretary,  and  recorded  by  him  in  the  minutes. 

The  amendment  to  this  Section  XII,  offered  by  Mr.  Bowie, 
January  8th,  was  to  strike  out  the  first  paragraph  of  the  propos- 
ed amendment  to  Article  XII;  also  to  strike  out  last  two  lines 
of  second  paragraph,  and  substitute  as  follows: 

The  Board  of  Direction  shall  consist  of  nine  Directors,  one  of  whom  shall  be  ths  President  of 
the  Society  and  two  others  shall  be  respectively  First  and  Second  Vice-Presidents.  The  Direc- 
tors shall  be  elected  by  written  ballots  of  a  majority  of  votes  at  the  annual  meeting.  They  shall 
be  the  Trustees  of  the  Society. 

At  the  first  annual  meeting  subsequent  to  the  adoption  of  this  amendment,  three  of  the  nine 
Directors  elected  ? hall  be  chosen  for  three  years,  three  for  two  years,  and  three  for  one  year.  And 
at  each  subseq  uent  annual  meeeting,  three  Directors  shall  be  elected  to  serve  three  years. 

The  Secretary  and  Treasurer  shall  be  elected  by  ballot  in  the  same  manner  and  in  the  same 
time,  to  hold  office  for  one  year.  Both'or  either  of  them  may  or  may  not  be  members  or  Directors 
of  the  Society. 

The  President  and  Vice-Presidents  shall  be  elected  at  the  annual  meeting  by  ballot,  for  one 
year,  or  until  their  successors  are  elected. 

Article  XVI  of  the  Constition  to  be  amended  as  follows: 

Strike  out  the  word.  "Vice-President."  and  substitute  the  words,  "one  of  the  Vice-Presi- 
dents." 
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Article  XII  of  the  Constitution  to  be  amended  as  follows: 

Strike  out  the  words,  "The  majority  of  the  Board  of  Direction  shall  constitute  a  quorum." 

Article  XIX  of  the  Constitution  to  be  amended  as  follows: 

Substitute  for  the  words,  "The  third  Saturday  of  January,"  and  read,  "Three  weeks  after 
the  regular  meeting  of  the  month  of  January." 

Mr.  Wheeler's  j>roposed  amendment  to  this  section  was  as 
follows: 

For  the  3d  sentence  of  Article  XIX,  substitute  the  following:  "The  annual  meeting  for  the 
election  of  officers  and  hearing  the  annual  report  shall  be  held  at  the  same  time  as  the  regular  meet- 
ing of  the  month  of  January  of  each  year." 

All  of  the  above  amendments  were  discussed  by  Messrs.  Bowie, 
Hanscom,  Manson,  Dickie,  Wagoner,  and  Schuyler. 

Mr.  Hanscom  moved,  and  Mr.  Schuyler  seconded,  the  indefi- 
nite postponement  of  the  amendment  offered  to  Article  XII, 
which  motion  was  carried. 

All  the  other  amendments  were  voted  down,  with  the  excep- 
tion of  that  originally  proposed  to  Article  XIX,  which  was 
adopted  as  follows: 

In  Article  XIX,  substitute  for  the  words  "the  third  Saturday 
of  January,"  and  read,  "Three  weeks  after  the  regular  meeting 
of  the  month  of  January." 


REGULAR  MEETING. 

February  12,  1886. 

Mr.  G.  W.  Percy  was  elected  President  pro  tern. 

Minutes  of  preceding  meeting  read  and  approved.    The  tellers 
announced  the  election  of  the  following  members: 

Gardner   F.  Williams,  Irving   M.   Scott,   John    B.    Hobson, 
William  G.  Raymond  and  B.  Salazar. 
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Wm,  G.  Goodrich  was  proposed  for  membership  by  AY  in. 
Minto,  G.  F.  Allardt  and  F.  You  Leicht. 

The  Secretary  read  a  communication  from  John  Richards,  de- 
scribing the  result  of  visits  among  the  machine  shops  and  foun- 
dries in  the  Eastern  .States  and  iu  England. 

Mr.  Allardt  reported  on  behalf  of  the  Finance  Committee  that 
an  examination  of  the  books  of  the  Treasurer  had  been  made, 
and  that  the  accounts  were  correct. 

Mr.  Yischer  spoke  of  the  desirability  of  increasing  the  library 
by  the  addition  of  various  published  reports.  The  matter  was 
referred  to  the  Executive  Committee. 


TECHNICAL  SOCIETY  OF  THE  PACIFIC  COAST, 

INSTITUTED  APRIL,   1884. 


TRANSACTIONS. 

Note. — This  Society  is  not  responsible,  as  a  body,  for  the  facts   and   opinions  advanced 
in  any  of  its  publications. 


(Volume  III— March,  1886.) 


COMPOUND  TRANSITION  CURVES. 
By  W.  G.  Raymond,  M.  Tech.  Hoc. 

Read  March  5,  1886. 

In  presenting  to  you  a  few  tables  to  aid  in  the  location  of 
easement  curves,  it  has  been  thought  best  to  give  the  deduction 
of  the  equations  from  which  they  were  calculated,  and  to  explain 
the  use  of  the  tables.  Nothing  new  is  attempted  as  the  ground 
has  been  covered  in  other  ways,  and  partially  so  in  the  method 
herewith  presented,  and  these  tables  are  far  from  complete;  but 
they  contain  enough  quantities  for  the  ready  location  of  all  or- 
dinary cases  and  for  the  solution  of  the  ordinary  problems  aris- 
ing in  this  particular  part  of  railroad  location. 

It  is  assumed  that  a  "  one  degree  "  curve  gives  a  sufficiently 
easy  transition  from  tangent  to  curve,  and  hence  the  first  chord 
of  the  transition  or  easement  curve  is  that  of  a  one  degree  curve. 
The  second  is  of  a  two  degree  curve,  third,  of  a  three  degree 
curve,  etc.  The  chord  points  are  on  a  curve  of  a  cubic  parabola, 
and  hence  the  super-elevation  of  the  outer  rail  may  begin  at  the 
beginning  of  the  curve  and  attain  its  maximum  amount  at  the 
point  where  the  transition  curve  joins  the  main  curve.  In  the 
figure  let  the  main  or  central  curve  be  of  degree  D,  a  whole 
number.  If  located  without  easement  the  "  B.  C."  falls  at  A' 
and  the  tangent   is  V  A '.     To  substitute  for  this  curve  one  of 
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the  same  radius,  bat  eased  at  the  ends  by  a  transition  curve  it  is 
necessary  to  throw  the  carve  in  along  the  central  line  V  0'  a 
distance  F  P  =  A'  B. 

B,  then,  becomes  the  new  B.  C.  for  the  simple  carve  located 
from  the  tangent  B.  V.  parallel  to  A'  V . 

The  transition  curve  is  A  E  and  in  the  figure  is  supposed  to 
consist  of  three  arc3.  thus  uniting  it  with  a  "  four  degree  " 
curve. 

We  wish  to  find — 

1.  The  angle    B  0  E  =  d. 

2.  The  distances  F  E  =  t. 

A  F=l. 
B  A'=  P  P' 

3.  The  tangent  distance  of  the  new  curve  — 

V  A  =  Te. 

It  is  supposed  that  the  chords  of  the  transition  curve  are 
equal.  If  n  be  the  number  of  chords  aud  D  the  degree  of  the 
main  curve,  then  it  is  evident  from  the  foregoiug  description 
that— 

n  =  D  —  1 

The  sum  of  the  angles  subtended  by  the  chords  of  the  transi- 
tion curve  is  equal  to  the  angle  B  O  E  =  d. 

If  c  be  the  length  of  the  chord  in  fractions  of  a  station,  as,  for 
chord  of  fifty  feet,  c  =  J,  etc.     Then — 

d  =  cA+2  +  3  +  4  +  etc.,  to  (D  —  lA 

A  Fis  the  latitude  of  the  curve  A  E,  aud  F  E  is  its  departure; 
hence — 

a.  FE=t=100cCsm  |  -j-  Sin  -£  +  Sin  -|  +  &c.  Sin^^ 

(c  Ac  9c  n'2n\    '( 

Cos  2+Cos^-  +  Cos^+&c.    Cos-2    1 

For  small  angles  equation  (1)  a  may  be  written — 
t=  100  c  Sin  —  (l  +  4  +  9  -fete,  n^\ 


(^ 
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And  if  we  take  the  difference  between  the  chord  and  its  lati- 
tude we  have,  instead  of  (1)  b, 

100  no  —  I  =  100  c  vers  £  A  +  16  +  81  -f  &c.  n4>\       (ap- 
proximately.) 

K  E  is  the  departure  of  the  main  curve  for  angle  d,  and  B  K 
is  its  latitude. 

KE=t'  =  R  vers  d  ] 

B  K  =  V  =  R  sin  d     ) 
if!  being  the  radius  of  the  main  curve. 

We  have  then — 

A'C  =  t  —  i' 
a.      B   C  =  (t—f)  tan  *  7  )      ,0v 

6.      A'  B  =  P'P  =  (t—f)  sec  $  /.    j      ^ 

7  being  the  central  angle  of  the  whole  curve. 

Te  =  A'  V  -{-  A  A' 

=  R  tan  I  1  -f  .4'  B'  +  B'  A 

=  |  iJ  +  (<— f)  1  tan  |  1  +  (Z— 7)     (3) 

To  locate  the  transition  curve  by  deflection  angles,  it  is  neces 
sary  to  know  the  angle  FAE. 

tan  FAE=~         (4) 

The  "long  chord"  of  the  transition  curve  may  be  computed 
from  the  formula — 

°  =    Sin  FAE        (5) 

For  use  in  the  field,  tables  of  the  values  of  d,  t,  t' ,  I,  V ,  (t — I'), 
(I — V)  angle  FAE  =  e  and  C  may  be  computed  for  different 
values  of  c  and  L>,  and  such  tables  for  .a  large  number  of  cases 
are  herewith  presented,  numbered  in  the  order  in  which  they 
would  be  most  used.  The  values  of  C  in  the  table  may  be  in 
error  in  the  last  figure.  It  is  thought  that  the  other  tables  are 
correct  within  1  in  the  last  place.  With  these  tables,  the  labor 
of  computing  and  locating  these  curves  is  but  little  greater  than 
that  required  for  the  simple  curves,  and  there  would  seem  to  be 
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no  good  reason  for  omitting  thein  in  any  case  of  radius  less  than 
5730  feet. 

To  illustrate  the  use  of  the  tables  we  will  take  an  example: 
It  is  required  to  locate  a  7°  curve  with  a  transition  curve  hav- 
ing chord  lengths  of  25  feet,  I  being  30c  at  sta.  2760. 

From  tables  (1),  (2)  and  (3)  we  have — 
d  =  5  —  15' 
t—f  =  1.52' 

l—r  =  74.93' 
Whence — 

Te  =  820.54  tau  153  -f  74.93. 

and  we  have  the  "  B.C."  at  sta.  2757  -f-  80.14.  Setting  the  in- 
strument at  this  point,  we  turn  fro  m  the  tangent  successively 
the  angles  given  in  the  line  c  =  J  in  table  (4),  the  chainmen 
measuring  twenty-five  feet  chords  around  the  curve. 


1st  chord 

.  e  = 

07'.50 

2d   " 

e  = 

18'.75 

3d   " 

e  = 

35'.00 

4th  " 

e  = 

56'.  25 

5th   " 

e  = 

1 

22'.50 

6th   " 

e  = 

1 

53'.  75 

This  brings  us  to  the  point  of  compounding  with  the  main 
curve. 

Setting  the  instrument  at  this  point,  and  having  sighted  to 
the  "  B.  C,"  turn  off  an  angle  equal  to  d  —  e,  and  the  instru- 
ment will  be  in  the  line  of  the  tangent  to  the  main  curve,  which 
may  then  be  run.  The  length  of  the  main  curve  is  known  from 
its  central  angle  being  equal  to  / —  2d. 

Having  located  the  whole  of  the  main  curve,  set  the  instru- 
ment at  its  end,  and  from  the  tangent  at  that  point  turn  the  an- 
gle d  —  e,  and  on  the  line  thus  obtained  run  a  distance  =  G  for 
n  =  6  as  found  in  table  (5)  =  149.95'.  Bring  the  instrument  to 
this  point  from  which  as  many  points  on  the  closing  transition 
curve  as  may  be  desired,  may  be  located  as  in  the  beginning. 

It  being  desirable  to  locate  each  "  station  "  on  the  curve,  the 
deflections  may  be  found  from  table  (4)  by  interpolation  as  for 
ordinary  plusses  in  simple  curves. 
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If  the  tangents  have  not  been  run  out,  and  it  is  not  necessary 
to  begin  the  curve  at  the  exact  point,  it  may  of  course  begin  at 
an  even  station  as  in  other  cases. 

If  D  be  a  mixed  number,  as  for  instance  7^,  then  n  is  the 
whole  number  without  the  fraction,  in  this  case  7,  and  as  the 
tables  are  only  for  D  equal  a  whole  number  less  than  eleven, 
the  values  of  t'  and  /'  with  those  for  t — t'  and  I — V  would  need  to 
be  computed,  either  from  formulas  (A)  or  from  formulas — 


K 

eh' 

h' 

R 

in  which  if  is  t'  for  the  7i°  curve. 

■2 


B     .<    R      «        ,<      ?iO 


E    "  E    "     "    1° 
t'    "  t'    "     "    7C 

The  subscripts  referring  to  the  same  curves  in  the  second  for- 
mula. 

In  this  case  the  transition  from  the  easement  curve  to  the 
main  curve  is  not  quite  regular,  but  is  sufficiently  so  for  prac- 
tice. 

If  desired,  the  curve  may  be  located  by  offsets  from  the  tan- 
gent, the  values  of  t  and  /  being  used.  In  many  cases,  only  the 
points  A  and  jEneed  to  be  located  with  the  instrument,  the  oth- 
ers being  put  in  afterwards  by  measurement.  In  projecting  a 
location  upon  a  preliminary  map,  the  curve  may  be  placed 
where  desired,  and  the  tangent  drawn  at  a  distance  from  the- 
curve  equal  to  (t — t'). 

If  deemed  desirable,  tables  for  angles  to  be  deflected  from  the 
tangent  at  E  to  the  various  points  on  the  transition  curve  might 
be  computed.     Time  has  been  insufficient  for  such  computation. 
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TABLE  I. 

Values  of  d  for  various  lengths  of  chords  when  D  and  n  = 
Formula  d 


0 


|(d2-d0 


c 

23 

S'3 

.4° 

5° 

c° 

7o 

8° 

9° 

10° 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1       -100    ft. 

l3  00' 
03  54' 
03  48' 
0°  45' 
03  42' 
0'  40' 
0°  36' 
0°  30' 
03  24' 
03  20' 
03  18' 
0'  15' 
0"  12' 
03  10' 
03  DO- 

3d 00' 
2°  42' 
23  24' 
2J  15' 
2;  06' 
23  00' 
l3  48' 
1°  30' 
l3  12' 
1°  00' 
03  54' 
0J  45' 
0°  36' 
0'  30' 
0°  18' 

63  00' 
53  2i' 
4°  48' 
iJ  30' 
4°  12' 
4°  00' 
33  36' 
33  00' 
2'3  24' 
23  00' 
l3  48' 
l3  30' 
1°  12' 
1°  00' 
0°  36' 

103  00' 
9°  00' 
83  00' 
■P  30' 
7D  00' 
6'  40' 
63  00' 
53  00' 
4°  00' 

:i°  20' 
33  00' 
2°  30' 
2"  00' 
1°  40' 
1°  00' 

9-10-  90   " 

4-5  =  80   " 

I      =  75    " 

11°  15' 

10'  30' 

io 3  oo' 

93  00' 
7°  30' 
fi3  00' 
53  00' 
43  30' 
3°  45' 
33  00' 
23  30' 
1°  30' 

7-10=  70    " 

f      =  66!  " 

3-5  —  GO    " 

i.:    :■;.■ 

103  30' 
83  24' 
73  00' 
6°  18' 
5C  15' 
43  12' 
3"  30' 
2°  06' 

i      —  50    " 

14°  00' 
11=  12' 
9°  20' 
8;   24' 
7     00' 
53  36' 
43  40' 
23  48' 

2-5  =  40    " 
4      =33i" 
3-10=  30    " 
i      =25'" 
1-5  =  20'  " 
1-6  =  16j" 
1-10=  10    " 

14-   24' 
123  00' 
103  48' 
9    00' 
7"  12' 
6°  00' 
3°  36' 

13°  30' 
11°  15' 
93  00' 
7"  30' 
4°  30' 

TABLE  II. 

Values  of  {t — t')  for  various  chord  lengths  when  D  and  n  — 


2° 

3° 

4° 

5° 

6° 

7° 

8° 

9° 

10° 

c 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

0.44 
.35 
'    .28 
.26 
.21 
.19 
.16 
.11 
.07 

1.75 
1.41 
1.12 
0.98 

.86 
.78 
.63 

.44 
.28 

4.36 
3.53 
2.79 
2.45 
2.14 
1.94 
1.57 
1.09 
0.70 

8.71 
7.00 
5.58 
4.90 
4.27 
3.87 
3.14 
2.18 
1.40 

9-10 

4-5 

i 

8.57 
7.46 
6.78 
5.49 
3.82 
2.44 

7-10 

3-5 

8.77 
6.10 
3.90 

£ 

9.13 
5.85 

2-5 

8.34 

i 

.05 

.19 

.49 

0.97 

1.70 

2.71 

4.06 

5.79 

3-10 

.04 

.16 

.39 

.79 

1.37 

2.20 

3.29 

4.69 

6.45 

i 

.03 

.11 

.27 

.55 

0.95 

1.52 

2.29 

3.26 

4.48 

1-5 

.02 

.07 

.18 

.35 

.61 

0.98 

1.46 

2.09 

2.87 

1-6 

.01 

.05 

.12 

.24 

.42 

.68 

1.02 

1.45 

1.99 

1-10 

.01 

.02 

.04 

.09 

.15 

.24 

0.37 

0.52 

0.72 
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TA.BLE  III. 

Values  (I — I')  for  various  chord  lengths  when  D  and  n 


c 

2° 

3° 

4° 

53, 

6° 

7° 
6 

8° 

7 

9° 

8 

10° 

1 

50.0(1 
45.00 
40.(0 
37.50 
35.(i0 
33.33 
30.  CO 
25.00 
20.00 
16.67 
15.00 
12.50 
10.00 
8.33 
6.00 

2 

3 

4 

5 

9 

1 

99.97 
89.97 
79.98 
74.99 
69.99 

(,i;.C4 

59.99 
49  99 
40.00 
33.33 
30.00 
25.00 
20.00 
16.67 
10.00 

149.87 

134.90 

119.93 

112.43 

104.94 

99.95 

89.96 

74.97 

59.99 

49.99 

44.99 

37.49 

30.00 

25.00 

15. CO 

199.60 

179.70 

139.78 

149.81 

139.85 

133.19 

119.89 

99.98 

79.95 

66.63 

59.97 

49.98 

39.99 

13.33 

20.00 

9  10 

4  5 

a. 

187.05 

174.62 

166.34 

1(9.75 

124.89 

99.90 

83.26 

74.94 

62.46 

4'J .  97 

41.65 

,  25. CO 

7-10 

1 

3-5 

i 

2-5 

i 

3-10 

i 

1-5 
1-6 
1-10 

179.47 
149.72 
119.80 
99.87 
89.90 
74.93 
59.95 
49  96 
29.98 

174.42 

139.64 

116.42 

104.81 

87.37 

69.91 

58.28 

34.97 

159.39 
132.93 
119.09 
99.79 
79.86 
66  57 
39.96 

134L51 
112.17 

89.79 

74.85 
44.93 

TABLE  IV. 

Value  angle  e  for  various  chord  lengths  when  D  and  n  = 
I  Formula  tan  e  =  -j  1      Nearest  3  seconds. 


c 

no 

3° 

4° 

5° 

6= 
5 

7° 

8° 

9° 

10° 

1 

2 

3 

4 

3°  44'  95 
3322'.5C 
33  00 '.00 

2  48". 7. 
2°S7'.50 
2°  30'. Ou 
2°  15' .00 
1D  52'. 50 
1°  30' .0(1 
F15'.00 
1°  07'. 50 
0°  56' .25 
i)    -i.v.i  0 

03  37'.50 
0°22'.5tl 

6 

7               8 

9 

1 

0°30'.00 
0°  27'. 00 
0°  24' .00 
0°  22'.50 
0°  2l'.00 
0°  20'.00 
0°  18'  00 
0°  15'.00 
0°  12'  00 
0°  lO'.OO 
0°  09'. 00 
0°  07'. 50 
0°  Ofi'.OO 
0°  05'.00 
0°03'.00 

1°15'.00 

1°07'.50 
POO' .00 
0°56'.25 
0°52'.50 
0°50'.00 
0°45'.00 
0^37'.50 
0C30'.00 
0°25'.00 
9J22'.50 
0°18'.75 
0°15'.00 
0°12'.50 
0-07'.  50 

2°20'.00 
2~06'.00 
1°52'.00 
1°45'.00 
1-38' .CO 
1°33'.35 
l°24'.00 
1°10'.00 
0'50'.00 
0D46'.C5 
0°42'.00 
0°35'.00 
0°28'.00 
0323'.35 
0°14'.00 

9-10 

4-5 





5 
7-10 

3DeO'.95 
33  39' .95 

3-5     . 

33  18' .00 
J    44'  .95 

i 

3°  47'. -10 

2-5 

4 
3-10 

i 
1-5 
1-6 
1-10 

2'  12'.00  3302'.00 
I ;  50'. 00  2°  31'. 65 
1°  39'.U0  2°  16'  50 
V  22' .50  1°  63' .76 
l°()6'.O0  1°  30'. 80 
i:°55'.00  1:  15'.  80 
0°  33'  .00  0°  45'. 50 

3'  59'. 95 
3''20'.00 
3D  00'. 00 
■2J  30'. 00 
2"J  CO'.OO 
1°40'.00 

i°  oo'.oc 

3°  49'. 45 
3?  11' .20 
2°  33'.00 
2D  07'  .50 
1°  16'.50 

4°  4 4'. 90 
3J  57'. 45 
3°  09'. 95 
2°3S'.30 
1°35'.C0 
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TABLE  V. 


Values  of  "  long  chord  "  for  various  chord  lengths  when  D 
and  n  = 

(  Formula  C  =  — LA 
V  sin.  J 


c 

2° 
1 

3° 
2 

200 . 00 
180.00 
160.00 
150.00 
140.00 
133.33 
120.00 
100.00 
80.00 
66.67 
60.00 
50.00 
40.00 
33.33 
20.00 

4° 
3 

299.88 
269.90 
239.92 
224.93 
209.94 
199.96 
17 '.1.97 
149.98 
119. S9 
100.00 
90.00 
75.00 
60.(0 
50.00 
30.00 

5° 
4 

6° 

7°              8° 
6                7 

8 

10= 

9 

1 

100.00 
90.00 
80.00 
75.00 
70.00 
66.67 
fO.OO 
60.00 
40.00 
33  33 
30.00 
25.00 
20.00 
16.67 
10. CO 

399.53 
359.60 
319.72 
299.77 
279.81 
266.51 
239  94 
199.95 
159.96 
133.30 
119.98 
99.99 
80.80 
66.67 
40.00 

9-10 

4-5 

a 

374. 4U 
349  52 
332.91 
299.67 
249.88 
199.91 
166.63 
149.96 
124.98 
99.99 
83.33 
£0.00 

7-10 

3-5 

359. V 6 
299.65 
239.77 
199.87 
179.89 
149.95 
119.97 
99.99 
60.00 

1 

349.18 
2T9.53 
233  06 
209.80 
174.88 
139.94 
116  61 
70.00 

2-5 

3-10 

i 

1-5 
1-6 
1-10 

319.14 
266.17 
239.63 
199  79 
159.89 
133.27 
80.00 

269.34 
224.61 
179  81 
149  90 
89.97 

TABLE  VI. 


Values  of  t  for  various  lengths  of  chords  when  D  and  n 

n*c 


(S       c  4c  9c 

Formula  t  =  100c  I  sin  -^  -4- sin  ~k -\-sin  -^--|-&c.  sin-y 


)) 


c 

2° 

3° 

4° 

5U 

6° 

7° 

8° 

9° 

10 

1 

2 

3 

4 

5 

6 

7 

8 

9 

i     -no  ft. 

00.873 
.701 

.558 

4.:63 
3.533 
2.792 

12.209 
9.8'.  0 
7.815 

26.126 
21.170 

9-10-  90    " 

:::::::: ::::::" 

4-5  =  80    " 

J      -  75    " 

.491 
.428 
.388 

.314 
.218 
.140 

2.454 
2.138 
1.939 
1 .  57  1 
1.091 
0.69S 

6.869 
5 .984 

5.429 
4.397 

3.054 
1.954 

14.709 
12.815 
11.625 
9.418 
6.542 
4.187 

t  :•  t 
23.463 
21.2.-7 
17.250 
11.985 

7.674 

7-10  -  70'" 

L. 

i      -     6 

3-5  =  60    " 

28.493 
19.807 
12.687 



£      =  50    " 

30.416 

19.4  95 

2-5   =  40    " 

28.357 

4      =  33*  " 

.097 

.485 

1.358 

2.909 

5.331 

8.815 

13.550 

19.720 

3-10=  30    " 

.1  79 

.393 

1.100 

2.:  56 

4.318 

7.141 

10.979 

22.  ■Alt) 

I      =  25   " 

.055 

.273 

11.704 

1.636 

2.999 

4.960 

7  628 

11.107 

15  502 

1-5  =  20   " 

.035 

.175 

.489 

1.047 

1.920 

3.175 

4.884 

7.113 

9  931 

1-6   -  16|" 

.024 

.121 

.339 

0.727 

1 .  333 

2.205 

3.392 

4.941 

6.900 

1-10-  10    " 

.009 

.042 

.122 

.262 

0.4(-0 

0.794 

1.221 

1.780 

2.486 
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TABLE  VII. 

Values  of  t'  for  various  lengths  of  chord  when  D  and  ?i— 
(Formula  £'  =  R  vers  d.) 


c 

2° 

3* 

4° 

5" 

6° 

7° 
6 

8° 

9° 

10° 

1 

2 

3 

4 

5 

7 

8 

9 

1 

.436 
.353 
.279 
.246 
.214 
.194 
.157 
.109 
.070 
.048 
.  039 
.027 
.017 
.012 
.004 

2.618 

2.120 

1.675 

1.472 

1.283 

1.163 

0  943 

.655 

.419 

.291 

.236 

.164 

.105 

.073 

.026 

7.848 

6.358 

5.025 

4.417 

3.848 

3.490 

2.827 

1.963 

1.257 

0.873 

.707 

.491 

.314 

.218 

.079 

17.415 

14.112 

11.155 

9.806 

8.544 

7.751 

6.279 

4.362 

2.792 

1.939 

1.571 

1.091 

0.698 

.485 

.175 

9  10 

4-5 

18.36 
16.00 
14.51 
11.76 
8.17 
5 .  234 
3.635 
2.945 
2.046 
1.309 
0.909 
.327 

7-10 

3-5 

19.72 
13.71 
8.786 
6.105 
4  .946 
3.436 
2.200 
1.528 
0.550 

i 

21.29 
13.65 
9.489 
7.689 
5.343 
3.421 
2.376 
.856 

2-5 
3-10 

1-5 

i 
1-10 

20.02 
13.93 
11.29 
7.846 
5.025 
3.491 
1.258 

15  85 
11.02 
7.063 
4.908 
1.768 

TABLE  VIII. 

Values  of  I  for  various  chord  lengths  when  D  and  n  = 


( 


Formula  I  =  100c 


(c  4c     9c       n-c\    \ 

cos  ^--j-  cos  ~n-\-  cos  ^"-}-&ccos^-  1   1 


c 

2° 

3° 

4 
3 

299  63 

269.73 

239.81 

224.84 

209.87 

199 . 89 

179.92 

149.95 

119.98 

99. 99 

89.99 

71.99 

60.00 

50  (JO 

30.01) 

6° 

4 

6° 
5 

7° 

8' 

9°             10J 

1 

100.00 
90.00 
80.00 
75.00 
70.00 
66.67 
60.00 
50.00 
40  00 
33.33 
30.00 
'25.00 
20 .  00 
16.67 
10  00 

2 

199.91 

179.95 

159.97 

149.98 

139.98 

133.31 

119.99 

99.99 

80.00 

66.66 

60.1  ii 

50.00 

40.00 

33.33 

20.00 

6 

7 

8               9 

359.02 

319.31 

299.43 

279.54 

266.27 

239.71 

199.88 

1S9  91 

133.28 

119.96 

99.98 

79.99 

66.66 

40.00 

'4  5 

373.43 

348.72 

332.23 

29H . 20 

249  59 

199  76 

166. S3 

149.90 

124.94 

99.97 

83.32 

50.00 

7  10 

358.13 
29  8  97 
239.46 
199.(8 
179.77 
149.87 
119.93 
99.96 
59.99 

i 
2-5 

i 
3-10 

i 

1-5 
1-6 
1-10 

278.86 

232.08 
209.52 
174.72 
139.86 
116.59 
69.98 

317.87 
265.43 
239  10 
199.48 
159.73 
133.18 
79.97 

268 . 43 
224.19 
179. ?3 
149.73 
89.94 
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TABLE  IX. 

Values  of  ll  for  various  chord  lengths  when  D  and  n  = 
(Formula  ll  =  R  sin  d) 


c 

2° 

3° 

4° 

5° 

go                 7o                 go                 go 

10= 

1 

■2 

3 

4 

5               6 

7                8               9 

1                 50.00 
9-10              45.00 
4-5               40.00 

99.97 
89.98 
79.99 
74.99 
69.99 
66.67 
60.00 
50.00 
40.00 
33.33 
30.00 
25.00 
20.00 
16.67 
10.00 

149.76 

134.83 

119.88 

112.41 

104.93 

99.94 

89.96 

74.98 

59.99 

50.00 

45.00 

37.50 

30.00 

25.00 

15.00 

199.05 

179.32 
159.53 

186  38    

7-10 

35.00 
33.33 
30.00 
2r>.00 
20.00 
16.67 
15.00 
12.50 
10.00 
8.33 
5.00 

139.69 
133  08 

174  10     . 



165.89     

3-5 

119.82 
99.90 
79.96 
66.65 
59.99 
50.00 
40.00 
33.33 
20.01 

149.45      178.66 
124.70      149.25 
99.86      119.65 
83.27        99.81 
74.96       89.87 
62.48        74.94 

50.00  59.98 
41.67        50.00 

25.01  30.01 

173.41 
139.22 
116  25 
104  71 
87.35 
69.95 
58.31 
35.01 

2-5 

3-10 

i 

1-5 

1-6 
1-10 

158.48 

132.50 
119.41 
99.69 
79.87 
66.61 
40.01 



133.92 

111.92 

89.74 

74.88 

45.01 
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PROCKKDI  NGS 

(Volume  III— March,  1886.) 


MINUTES  OF  MEETINGS. 

regular  meeting. 

March  5,  1886. 

Vice-President  Specbt  in  the  chair. 

Minutes  of  preceding  meeting  read  and  approved. 

The  following  propositions  for  membership  were  made : 

Hamilton  Smith,  Jr.,  proposed   by  Geo.  J.  Specht,  Aug.  J. 
Bowie,  Jr.,  and  G.  F.  Allardt. 

Louis  Janin,  proposed  by  Aug.  J.  Bowie,  Jr.,  Chas.  G.   Yale 
and  Geo.  J.  Specht. 

Allexey  W.  Von  Schmidt,  proposed  by  G    H.  Mendell,  Aug. 
J.  Bowie,  Jr.,  and  L.  J.  Le  Conte. 

Win.  Ashburner,  proposed  by  Aug.  J.  Bowie,  Jr.,  E.  J.  Mo- 
lera  and  Geo.  J.  Specht. 

Thomas  Price,  proposed  by  Aug.  J.  Bowie  Jr.,  Chas.  G.  Tale 
and  G.  F.  Allardt. 

Arthur  F.   Price,  proposed   by  Aug.  J.  Bowie,  Jr.,  Chas.  G. 
Yale  and  G.  F.  Allardt. 

Frank  K.  Zook,  proposed  by  G.  H.  Mendell,  Aug.  J.  Bowie, 
Jr..  and  L.  J.  Le  Conte. 

The  following  donations  were  received: 
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Map  of  Contra  Costa  County,  from  Wm.  Minto;  Map  of  Mon- 
terey County,  from  Geo.  J.  Specht;  Map  of  Lake  Tahoe,  from 
F.  Von  Leicht;    and  profile  of  Mexican  railroads,  from  Geo.  J. 

Specht. 

Wm.  G.  Eaymond  read  a  paper  on  "  Compound  Transition 
Curves." 

Mr.  Molera  reported  from  the  Executi-ve  Committee  that  in- 
formal meetings  would  be  held  every  Friday  evening  at  the  rooms, 
except  on  the  first  Friday  of  each  month,  when  the  regular 
meeting  takes  place. 


regular  meeting. 

April  3,  1886. 
Vice-President  Specht  in  the  chair. 

The  following  were  elected  members:  Louis  Janin,  "Wm.  Ash- 
burner,  A.  W.  Von  Schmidt,  Thomas  Price,  Arthur  F.  Price, 
Wm.  WT.  Goodrich  and  Frank  K.  Zook. 

John  B.  Clarke,  Assistant  Professor  of  Mathematics,  Univer- 
sity of  California,  was  proposed  for  membership  by  Frank  Soule, 
Wm.  Ashburner  and  Chas.  G.  Yale. 

"Wm.  T.  Blunt,  ex -Secretary  of  the  Executive  Board  of  the 
Civil  Engineers'  Committee  on  National  Public  Works,  address- 
ed the  Society  on  the  subject  before  the  Committee,  viz.,  the 
appointment  of  a  Board  of  Public  Works  by  the  Government. 

The  thanks  of  the  Society  were  voted  to  Mr.  Blunt  for  his 
address. 

On  motion  qf  Mr.  WTagoner,  the  President  of  the  Society  was 
requested  to  appoint  a  committee  of  three  to  consider  the  ques- 
tion of  "the  appointment  of  a  Board  of  Public  Works  by  the 
Government." 

The  President  subsequently  appointed  as  such  Committee 
Luther  Wagoner,  A.  H.  Payson  and  Marsdeu  Manson. 
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INSTITUTED  APRIL,   1884. 


TRANSACTIONS. 

Note. — This  Society  is  not  responsible,  as  a  body,  for  tbe  facts    and    opinions  advanced 
in  any  of  its  publications. 


(Volume  III.— May,  1886.) 


THE  THEORY  OF  ORE  CRUSHING. 

By  Luther  Wagoner,  Mem.  Tech.  Soc.  P.  C. 
Read  May  7,  1886. 

The  object  of  this  paper  is  to  discuss  the  laws  that  govern  the 
reduction  of  minerals  to  a  state  of  fine  grains  or  dust,  and  to 
attempt  to  draw  useful  conclusions  from  the  same. 

The  literature  upon  the  special  subjects  to  be  investigated  is 
very  meagre  and  of  little  practical  application;  there  are  some 
experiments  upon  the  crushing  strength  by  quiet  pressure  upon 
cubes  of  stone,  and  general  remarks  upon  the  result  of  stamp 
and  roller  work,  in  the  various  books  relating  to  metallurgy. 
There  is  also  an  article  by  the  writer  in  Eng.  &  Min.  Jour.,. Jan. 
26,  1884,  in  which  the  methods  of  investigation  are  partly  de- 
scribed; the  diagrams  illustrating  the  article  will  be  used  in  this 
paper. 

Some  of  the  ideas  advanced  are  original  and  supposed  to  be 
new,  and  while  the  writer  believes  them  to  be  true,  he  is  aware 
that  uncertainty  must  always  attend  any  generalization  from 
empirical  laws;  therefore  he  invites  a  full  and  fair  criticism  of 
any  views  advanced  in  this  paper,  to  the  end  that  the  truth  may 
be  known. 
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THE    OBJECT    OF    CRUSHING. 


The  object  of  crushing  a  mineral  may  be  one  of  two  general 
cases,  as  follows: 

a.  The  production  of  the  maximum  amount  of  grains  having 
a  maximum  weight  or  diameter;  as  the  reduction  of  ores,  and  in 
general  all  metallurgical  operations. 

b.  The  production  of  the  maximum  amount  of  grains  having 
a  minimum  weight  or  diameter,  as  the  pulverization  of  gypsum, 
Portland  cement,  mineral  paints,  etc. 

Only  case  a  will  be  considered. 

The  object  of  crushing  an  ore  is  to  release  some  valuable  com- 
ponent contained  therein;  the  component  may  be  a  metal,  as 
gold  or  silver,  etc.;  or  a  mineral,  as  pyrite,  galena,  etc.  What- 
ever be  the  nature  of  the  component,  it  is  usually  tolerably 
evenly  distributed  through  the  mass  of  ore.  Hence  the  latter 
must  be  broken  into  pieces  sufficiently  small  to  release  the  en- 
closed valuable  component.  The  surface  of  the  mineral  or  metal 
is  a  natural  cleavage  plane,  and  if  the  rock  be  broken  into  small 
enough  pieces  the  mineral  will  be  almost  wholly  freed  from  the 
gangue.  The  limit  of  maximum  size  of  the  grains  of  gangue  is 
always  a  matter  to  be  determined  by  experiment.  The  size  that 
will  liberate  enough  mineral  so  as  to  leave  the  coarsest  sizes 
commercially  barren,  is  usually  spoken  of  as  crushing  through 
some  number  of  sieve  or  screen.  For  gold  ores  this  usually 
ranges  from  tweuty  to  sixty  screen  for  wire  cloth  screens.  Thus 
far  the  operation  is  a  common  one  to  every  system,  as  the  rock 
must  be  broken  before  anything  can  be  done  with  it;  the  pro- 
duct is  technically  known  as  pulp,  and  the  word  will  be  used  to 
denote  the  condition  of  all  the  rock  finer  than  some  specified 
screen. 

The  second  step  is  to  separate  the  free  mineral  or  metal  from 
the  pulp,  and  as  the  crushing  is  generally  a  wet  operation,  only 
the  latter  will  be  noticed. 

The  operation  being  a  continuous  one,  the  question  of  ore 
grains  either  held  in  suspension  or  moved  by  a  current  of  water, 
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is  to  be  briefly  noticed.  The  suspension  velocity  of  an  ore  grain 
is,  according  to  Rittinger  and  others,  said  to  be  as  the  square 
root  of  the  density  in  water  and  as  the  square  root  of  the  diame- 
ter, or — 


V  =  aj/  diameter  X  specific  gravity  —  1. 

From  the  above  it  is  plain  that  the  size  of  the  grain  has  a  very 
important  influence.  The  form  of  the  grain,  as  known  by  ex- 
periment, may  vary  the  result  to  the  extent  that  the  co-efficient 
a,  in  the  above  formula  may  range  from  one  to  three  times  in 
value.  For  these  reasons  the  first  part  of  this  paper  is  devoted 
to  the  examination  of  the  physical  properties  of  the  pulp. 

Suppose  that  a  piece  of  rock  be  placed  in  a  mortar  and  be 
subjected  to  repeated  blows  from  a  pestle;  it  is  broken  into 
smaller  pieces;  let  this  operation  be  continued  until  the  mass  of 
rock  feels  like  dust  or  powder.  What  has  happened  ?  Feeling 
it  between  the  fingers  shows  that  some  of  the  pieces  are  larger 
than  others;  it  is  next  assorted  by  sieves  and  each  lot  weighed, 
the  percentage  calculated.  This  experiment  can  be  repeated 
with  substantially  the  same  result  as  regards  form  of  grains  and 
their  percentage.  Let  a  number  of  grains,  such  as  will  diffi- 
cultly pass  a  sieve,  be  taken  for  microscopic  examination;  this 
will  show  that  there  has  been  no  alteration  in  the  mean  form  of 
the  grain  from  the  upper  limit  of  size  down  to  0.075  mm.  150 
sieve.  B}r  means  of  a  rising  current  of  water  this  examination 
can  be  carried  down  to  values  as  small  as  0.01  mm.  =  (^Vo"  inch), 
and  without  assorting,  it  can  be  seen  that  no  change  in  the  gen- 
eral form  of  the  grain  occurs  with  decrease  of  diameter  as  small 
as  .0005  mm.  =-^1^  inch.  The  most  minute  grains,  if  they  be 
enlarged  under  the  microscope,  will  appear  almost  like  the  ore  as 
it  left  the  rock-breaker.  Therefore,  dust  may  be  defined  as  a 
collection  of  grains  of  the  same  form  and  different  diameters.  To 
more  accurately  examine  the  percentage,  or  the  relation  of  quan- 
tity that  exists  between  grains  of  different  diameters,  procure  an 
accurate  sample  of  pulp  from  a  mill  running  on  a  clean,  homo- 
geneous ore;  the  sample  should  be  an  average  of  the  regular 
work  on  the  particular  ore;  the  water  should  be  filtered  from 
the  pulp  and  the  latter  dried. 
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To  separate  the  pulp  iuto  different  sizes,  either  water  currents- 
or  sieves  may  be  used;  the  latter  are  most  convenient,  and  are- 
sufficiently  accurate.  The  trade  numbers  of  sieves  are  in  terras 
of  meshes  per  linear  inch,  this  does  not  convey  any  idea  of  the  net 
aperture  between  the  wires.  To  determine  this,  count  the  wires 
in  a  lineal  inch  or  given  space,  and  also  measure  the  thickness 
of  the  wire;  the  difference  is  the  net  aperture  of  the  sieve.  In 
this  way  the  writer  determined  the  various  brands  of  steel  and 
brass  wire-cloth  in  this  market;  and  for  Russia  iron  screens  the 
thickness  of  the  standard  needles  used  for  gauging  the  same  was 
measured  with  a  micrometer.  The  results  are  represented 
graphically  in  inches  and  metric  system  by  Diagram  1. 

Having  carefully  sifted  a  weighed  lot  of  dried  pulp,  weigh  the 
amount  that  remains  upon  each  sieve;  the  dust  that  passes 
through  the  finest  sieve  should  be  estimated  by  difference,  as 
there  is  usually  a  loss  from  one  to  three  per  cent,  met  with  by 
reason  of  dust  floating  away  in  the  air;  calculate  the  percentage 
of  each  lot,  and  next  construct  a  diagram  like  those  of  2,  3,  4, 
that  will  represent  the  data  graphically.  To  make  this  clear, 
the  method  of  construction  of  curve  A,  Diagram  4,  will  be  ex- 
plained.    The  data  is  arranged  as  follows: 

% 
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Tbe  final  quantities  are  the  percentages  that  would  be  ob- 
tained by  sifting  the  whole  pulp  on  any  sieve.  This  value  is 
taken  for  the  ordinate  y,  and  the  net  space  or  aperture  of  the 
sieve  is  the  abscissa  x,  the  points  being  set  off,  the  initial  and 
terminals  are  to  be  found;  for  the  first,  it  is  clear  that  no  grain 
as  small  as  zero  exists,  it  is  known  there  are  grains  as  small  as 
0.0005  mm.  =  j^ojt  inch;  consequently  some  point,  such  as 
x  =  0*001  mm.  must  be  assumed  as  a  least  diameter,  or,  rather,. 
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the  ore  to  be  observed  is  supposed  to  have  each  grain  larger 
than  this  size.  The  other  limit  is  the  size  of  the  battery  screen 
■or  sieve  through  which  the  ore  was  crushed.  Hereafter  it  will 
be  remembered  that  by  x  is  meant  the  sieve  diameter  of  an  ore 
grain,  and  y  refers  to  the  amount  for  the  value,  X. 

These  curves  (Diagrams  2,  3,  4)  do  not  show  the  law  of  crush- 
ing, bid  they  are  the  graphical  representation  of  the  integral  of 
the  equation  of  that  law:  therefore  the  first  differential  co-effi- 
cient is  the  desired  law.  This  is  clear  when  it  is  remembered 
the  percentage  of  pulp  between  any  two  diameters  is  the  sum  of 
the  weights  of  all  the  grains  between  those  diameters. 

dy 

To  find  the  first  differential  co-efficient,  the  principle  -r-  = 

tangent  of  the  angle  that  the  curve  makes  with  the  axis  X,  may 
be  used.  In  this  case  a  parallel  ruler  is  made  tangent  to  the 
curve  for  any  x,  and  the  value  of  the  tangent  can  be  read  di- 
rectly on  the  line  of  Y.  Sufficient  points  having  been  obtained 
in  this  manner,  they  are  platted  as  y  =/x.  Curves  a,  b  (Dia- 
gram 4),  were  constructed  in  this  way. 

If  an  equation  can  be  found  to  represent  the  values  of  y  in 
terms  of  x,  it  can  be  differentiated  and  the  same  result  attained. 

Having  shown  the  nature  and  construction  of  these  curves,  let 
us  revert  to  the  pulp.  What  is  it  that  gives  it  the  feeling  of 
smoothness  characteristic  of  dust?  Clearly  there  has  been  no  in- 
ternal change,  therefore  it  must  be  an  external  change,  or  a  change 
in  the  surface;  but  the  form  of  the  grain  is  also  unchanged, 
hence  the  only  possible  change  is  in  the  amount  of  surface. 

ON  THE  SURFACE  OF  THE  PULP. 

The  surface  of  any  grain  may  be  expressed  by  a  xs ,  and  its 
weight  by  b  x3 ,  where  a  and  b  are  general  co- efficients.  Let  m 
denote  the  weight  or  volume  of  grains  of  the  diameters:  then 

m 

7—3  =  the  number  of  grains  for  the  mass  m,  but  the  surface  for 

©  x  ° 

a  x*  m         a  m 
one  grain  is  ax*,  and     ,     3  ~  =  "T — ;  an  equation  that   shows 
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the  surface  will  vary  as  the  reciprocal  of  the  diameter;  bat  the 
amount  of  pulp  for  any  diameter  is  known,  hence  the  total  sur- 
face for  that  diameter  is  known. 

ON    THE    WORK    OF    CRUSHING. 

Experiments  made  on  cubes  of  stone  under  quiet  pressure, 
show  that  the  crushing  force  varies  nearly  as  the  cross-section 
broken  (Bauschinger),  and  the  experiments  of  Gillmore  show 
that  for  cubes  of  sandstone,  ranging  from  one-quarter  to  four 
inches  diameter,  the  crushing  force  is  nearly  as  the  \  power  of 
the  diameter  or  side  of  the  cube.  None  of  these  experiments 
appear  to  be  of  much  comparative  value  for  the  following  rea- 
sons. Work  is  the  product  of  force  and  space;  if  the  space  is 
not  known,  the  work  is  not  known  and  results  are  not  compara- 
ble. For  either  quiet  pressure  or  impact,  the  work  is  divided 
into  two  parts,  one  of  which  appears  as  fractured  surface,  the 
other  as  heat,  hence  the  useful  work  may  be  treated  as  an  exten- 
sion of  surface. 

This  view  is  supported  by  the  experiments  quoted  where  the 
resistance  is  nearly  asar2,  but  the  surface  is  also  a  function  of 
x'2  where  the  stone  is  broken  in  few  pieces.  The  quartz  or  ore 
may  be  assumed  as  homogeneous,  and  surface  cannot  be  created 
without  work  expended  in  overcoming  the  cohesion  of  the 
molecules  in  some  plane,  and  this  is  constant  for  a  unit  of  sec- 
tion.    Therefore  it  may  be  written, 

USEFUL    WORE=FUNCTION    OF    THE    SURFACE. 

To  discuss  this  mathematically,  let  the  percentages  passing 
any  sieve  be  represented  by  a  straight  line  (see  curve  A,  Dia.  4); 
this  curve  is  nearly  a  straight  line,  and  the  two  curves  show 
that  if  y  =  axn,  that  u  may  be  more  or  less  than  one,  therefore 
it  may  be  one  for  some  particular  case.     Then 

y  =  ax,  and 

d  y 

— ^-  —  a, 

ax, 
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An  equation  that  shows  an  equal  weight  of  grains  for  any  diam- 
eter is  made;  but  the  surface,  as  previously  shown,  is 

1 

x 

Then  the  total  relative  surface  batween  any  two  values  of  a;  being 
S,  we  have, 


8  =  I       ax   '  d  x  =  a  log.  nap. 


GO 


Solving  this  equation  for  the  limits  .001  and  1,000,  and  tabula- 
ting the  values,  the  following  facts  are  shown: 

For  x,  0.001  mm.  to  x„  =  0.01  mm.  S/     =  a  .2.3026 
"    xj    .001  to  x    =  0.10  S„         a  .4.6052 

"    x      001  to  x  1.00  S„4       a  .6.9078 

From  the  above  it  appears  that  one-third  of  all  the  surface  is 
included  between  the  limits  of  x  0  001  and  0.01,  or  that  ^hf  of 
the  finest  pulp  has  one-third  of  the  total  surface,  and  that  ten 
per  cent,  of  the  fine  pulp  has  §  of  the  total  surface. 

Similarly  at  the  coarse  end  the  surface  between  x  .99  and  1  is 
only  S„ti  =  a  0085,  or  270  times  as  much  work  is  required  to 
crush  one  per  cent,  of  ore  at  the  fine  end,  as  to  crush  one  per 
cent,  at  the  coarse  end. 

Suppose  the  same  law  of  crushing  to  hold,  and  let  R  equal  the 
ratio  of  surface  to  weight  between  the  limits    x  =  .001  and  auv 

greater  value  of  x;  then  R  = —  =      - —  an  equation  that 

ax  x 

shows  the  surface  produced  will  be  inversely  as  the  aperture  of  the 
battery  screen.     To  make  the  above  more  general,  let  any  of  the 

d  y 
curves  have  the  equation  y  =  a  x":  then  -  '    =  n  a  as™-1,  divid- 


ing by  x  and  integrating 


S=     |    n  a  x™~*d , 


n 

a  x'' 


n  — 1 
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n  n~l  n 

Buti?  =  v^\aX  .„  or     ,7^~1 


a  xn  n_i  x 

which  proves  that  if  the  law  of  crushing  does  not  change,  the 
work  will  be  inversely  as  aperture  of  the  battery  screen. 

ON"  THE  RELATIVE  SCRFACE  PRODUCED  BY  STAMPS  AND  ROLLERS. 

The  law  of  crushing  must  be  a  function  of  the  force  or  blow 
that  breaks  the  grain,  and  also  of  the  rate  of  discharge,  for  in 
the  first  case  such  a  blow  can  be  given  as  will  break  the  body 
into  few  or  many  pieces.  The  blow  of  a  stamp  being  uniform, 
the  number  of  pieces  made  by  the  blow  will  depend  upon  the 
size  of  the  rock  upon  the  die  as  well  as  the  number  of  pieces  of 
rock.  Now,  if  the  pulp  cannot  escape  as  fast  as  it  is  reduced  to 
the  size  of  the  battery  screen,  some  of  it  will  be  made  smaller- 
The  same  remarks  apply  to  rollers  where  the  force  is  constant. 
If  the  stone  is  properly  adapted  to  the  space  between  the  rolls, 
but  few  pieces  will  be  made,  and  if  dust  be  mixed  with  the 
coarse  pieces,  some  of  the  dust  will  also  be  crushed  finer. 

There  is  no  data  to  separate  the  influence  of  the  discharge 
from  the  law  of  crushing;  but  there  can  be  no  doubt  that  in  two 
systems,  where  one  crushes  faster  than  it  can  discharge,  and  the 
other  does  not  crush  as  fast  as  the  screen  will  discharge  the 
pulp,  there  will  be  a  great  difference  in  the  quality  of  the  pulp. 

To  illustrate  these  conditions,  curves  A,  B,  diagram  4  are  in- 
troduced for  discussion.  Curve  A  is  from  pulp  from  the  Tustin 
pulverizer,  and  B  is  from  a  stamp  battery,  both  running  on  the 
same  ore  and  screen.  For  the  benefit  of  those  unacquainted 
with  the  principle  of  the  Tustin  roller  mill,  reference  is  made  to 
the  sectional  view  in  the  drawing,  Fig.  5.  The  scale  is  ^  of 
actual  size.  The  rollers  (10,10,)  are  18  inches  long  and  19^  and 
14  inches  diameter.  They  roil  upon  the  shoes  (11)  and  crush  the 
ore.  The  pulp  escapes  through  the  slotted  shoes  on  to  the  wire 
cloth  screen  on  the  outside  of  the  cylinder  (14  i.  The  sifting  out 
takes  place  in  the  lower  right  hand  quadrant.  When  crushing 
wet,  water  is  admitted  at  (38)  by  a  nozzle  placed  near  the  top  of 
the  outside  case.     There  are  eight  sections  of  wire  cloth,  18  by 
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18  inches=18  square  feet  of  screen.  The  machine  is  practically 
the  equal  of  six  stamps,  both  running  on  20  screen  and  the  same 
ore,  and  it  was  discharging  1,000  pounds  of  quartz  per  hour.  It 
revolves  20  times  per  minute,  or  1,200  per  hour.  Hence  \%^\ 
pounds  of  ore  is  screened  over  18  square  feet,  or  one  pound  of 
pulp  has  15  square  feet  of  screen  to  escape  through.  A  stamp 
discharges  2.75  pounds  per  minute  through  an  effective  surface 
of  about  72  square  inches,  or  one  pound  of  pulp  passes  through 
0.182  square  foot.  The  relative  screen  surface  is  thus  seen  to 
be  tf.Vf *  =  82  to  1. 

From  the  above  it  is  clear  that  the  Tustin  is  a  machine  having 
a  crushing  power  less  than  its  screening  power.  For  this  rea- 
son, the  law  of  crushing  by  it  should  be  constant  and  indepen- 
dent of  the  screen. 

Discussion  of  Curves  A  B  Diagram  4. 

Curve  A  is  nearly  a  straight  line,  and  the  equation  y  =  a  x 
will  nearly  satisfy  it,  more  accurately  y  =  90  x  -\-  17.11  x  1-7. 
The  differential  co-efficient  is 

y  =  90  +  29,087   x7 
This  divided  by  x  and  integrated  between  the  limits 

xt  =  .001  mm.  and  xlt  =  0.94  mm  is  total  relative  surface 

,S'  = 

#=90  Nap.  Log  940  +  41.55  (.94  —  .001)'=  656. 
Curve  B  is  plotted  from  the  equation 

3 

y  =  36  Nap.  Log.  (100  x  +  2.5)  —  33  x—  34,398. 


The  differential  of  this  equation  is 
dy  36 


49.5  *;; 


dx       (OT+.025) 
Dividing  by  x  and  integrating  there  is 

'.025   -f-    xr 


S  =  1440  Nap.  Log.  f  025  +   3?>\— 99  x'A  +  G. 
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This  equation  solved  between  the  limits  .001  and  .940  gives- 
S  =  4f>60  and  the  relative  surface  is  -"Wr  =  6  95,  or  about  1  to 
7. 

The  adoption  of  x,  =  .01  as  a  lower  limit  would  raise  the 
ratio  from  the  former  to  1  to  4,  but  as  many  grains  exist  smaller 
than  0.001  mm.,  it  is  probibly  large  enough,  and  nearer  the 
truth  than  the  latter  assumption,  and  certainly  near  enough  for 
the  present  purpose. 

The  nest  in  order  is  to  show  the  amount  of  power  used  in 
each  system.  The  power  required  to  drive  three  Tustins  was 
measured  by  the  writer,  using  a  Prony  brake;  it  was  found  equal 
to  3.98  EL  P.  for  one  machine  at  20  revolutions  per  minute,  the 
machines  doing  their  normal  work,  or  11.92  H.  P.  for  three  ma- 
chines— the  power  being  measured  from  the  counter  shaft. 

The  power  applied  to  each  machine  is  about  as  follows: 

For  friction  of  the  machine,   gear,  belts,   tightener 

pulleys H.  P.— 1.30 

Work  lost  due  to  unbalanced  load 1.00 

Friction  of  rollers  between  the  end  and  sides  and 

not  doing  any  useful  work,  estimated  at .70 

Work  usefully  applied 1.00 


H.  P.  4  00 

This  estimate  may  be  in  error,  either  too  large  or  too  small. 
but  not  more  than  15  per  cent.,  as  at  least  2. GO  H.  P.  can  be 
readily  accounted  for  as  due  to  friction  and  unbalanced  load, 
while  it  is  very  probable  that  friction  must  exist  to  the  extent 
named  without  contributing  to  useful  work. 

For  the  stamps  the  H.  P.  is  750  pouuds,  falling  6  inches  90 
per  minute.  Here  the  net  work  due  gravity  is  assumed  to  be 
useful  work,  which  for  six  stamps  is  6.14  H.  P.  Dividing  the 
relative  surface  by  the  work  expended  usefully, 

there  is  |?T6^   =  740  and  T6f£  =656. 

These   quantities   are    nearly   enough    in    accord    with    each 
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other  to  reasonably  prove  the  proposition  that  the  ^useful 
work  applied  will  appear  as  surface.  No  account  is  takeu 
of  that  portion  of  the  work  lost  as  heat,  nor  is  any  very 
great  accuracy  claimed  for  the  above  equations,  because  the  laws 
of  crushing  are  much  too  complex  to  be  represented  by  simple 
equations,  like  those  given.  But  their  presentation  may  serve  a 
good  purpose  in  directing  thought  to  that  most  important  and 
generally  neglected  question: 

Is  the  Sliming  of  Ore  Either  Necessary  or  Beneficial? 

Having  shown  the  nature  and  amount  of  pulp  for  any  diame- 
ter, and  that  there  is  no  other  change  except  the  one  of  increased 
surface  for  diminishing  diameters,  it  is  a  subject  for  inquiry, 
how  the  increase  of  surface  affects  the  separation  of  the  valuable 
component  from  tha  pulp.  Experience  has  shown  that  the 
greatest  difficulty  encountered  in  ore  dressing  is  the  sliming  of 
the  ore.  The  coarse  parts  in  general  above  100  mesh  are  easily 
managed.* 

The  law  of  suspension  velocity  for  bodies  in  water  has  been 
mentioned,  but  while  it  may  be  true  for  spheres  of  considerable 
magnitude,  it  certainly  has  no  application  to  small  grains. 


As  given  by  the  authorities  it  is  V=  y  diameter,  but  many  ex- 
periments by  the  writer  where  the  velocity  v  of  a  vertical  current 
of  water  ranged  from  3  to  150  mm.  per  second,  and  the  least  di- 
ameter ranged  from  .0,045  to  0.60  mm.,  showed  that  v  =  k  d 
would  more  nearly  satisfy  the  equation.    It  is  very  probable  that 

*  Very  loose  and  erroneous  ideas  prevail  in  regard  to  losses,  especially  by  those  who 
should  know  better.  As  an  illustration,  a  person  pans  tailings  after  a  good  concentrator: 
he  finds  nothing  in  the  pan;  therefore  there  is  nothing  in  the  tailings.  Now,  if  the  con- 
centrator can  do  better  work  than  the  pan,  how  can  the  pan  sa^e  anything?  Let  any  one 
try  the  experiment  of  pulverizing  some  marble  dust,  like  average  stamp  pulp,  and  add 
to  it  some  small  quantity,  say  2  per  cent.,  of  pyrites,  that  have  been  similarly  crushed. 
Let  the  concentration  be  made  and  see  if  the  amount  added  be  recovered.  If  not,  dissolve 
the  gangue  in  acid,  and  there  will  be  a  residual  composed  of  the  lost  pyrites.  The  finer 
the  pulverization,  the  less  will  be  recovered  by  concentration.  Of  course,  an  assay  would 
show  there  was  a  loss,  but  when  people  cannot  find  anything  by  panning,  they  usually 
conclude  there  is  nothing  to  find. 
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the  laws  of  surface  tension  and  capilarity*  materially  modify  the 
law  that  governs  large  diameters,  t 

There  is  also  another  aspect  of  this  case,  when  the  water  is 
thick  with  fine  grains  of  anything,  as  ore  or  clay.  The  bodies 
exert  a  mutual  attraction,  and  give  rise  to  viscosity  of  the  liquid 
medium,  and  render  the  settlement  of  grains  that  would  other- 
wise settle,  more  difficult.  Every  mill  man  knows  the  injurious 
effect  of  muddy  feed  water  for  the  battery.  Here  the  particles 
of  clay  are  still  augular  bodies,  but  of  extremely  small  diameter 
and  great  surface,  by  their  mutual  attraction  rendering  the  water 
viscous  or  thick,  the  fine  gold  and  quicksilver  is  carried  away 
by  the  current.  Hence  the  extension  of  surface  will  act  inju- 
riously in  two  ways,  viz:  by  depriving  the  body  of  its  relative 
weight  as  compared  to  surface;  by  the  mutual  attractions  be- 
tween the  small  grains  and  the  liquid,  preventing  the  settlement 
of  small  grains.  In  the  case  of  gold  ores  not  containing  sul- 
phurets,  it  has  been  generally  assumed  that  it  is  a  matter  of  in- 
difference how  fine  the  ore  is  crushed,  as  no  loss  will  occur  by 
breaking  up  the  grains  to  a  very  fine  slime,  and  that  no  shearing 
or  cutting  of  the  gold  takes  place,  owing  to  its  malleability. 

To  determine  this  point,  the  following  described  experiments 
were  made  by  the  writer  for  the  Fulton  Foundry  on  the  ores 
marked  A  B  C  D,  Diagram  3.  The  Murphy's  ore  is  from  the 
Oro  Plata  mine,  and  is  composed  of  a  hard  low  grade  quartz 
mixed  with  a  large  amount  of  clay.  The  latter  is  hydrauliced 
out,  and  the  washed  quartz  is  sluiced  into  the  bins  of  the  stamps 
and  Tustins.  The  battery  has  no  inside  plates.  The  first  gold 
lodging  on  the  heads  of  the  outside  plates  should  be  alike.  To 
test  this,  a  quantity  of  amalgam  was  cut  off  from  the  top  of  the 


*  If  the  suspension  velocities  corresponding  to  v  —  3  to  10  mm.  be  compared  with 
those  of  v  150  to  180  mm.,  then  the  exponent  n  -will  be  1.1;  for  v  3  to  lu  mm.,  it  is  1.35; 
and  for  v  130  to  180  mm.,  it  is  n  =  1. 

t  Thus  the  phenomena  of  floured  bodies,  as  gold,  quicksilver,  is  ea6ily  shown  to  be  due 
to  no  other  cause  than  surface  adhesion.  To  prove  this,  introduce  some  clean  mercury 
into  a  chemically  clean  bottle  containing  some  distilled  water.  After  a  brisk  shaking  the 
mercury  will  be  floured.  The  probable  effect  of  the  surface  adhesion  is  to  coat  or  envelop 
the  body  with  an  external  coat  of  water  that  moves  with  it,  and  thus  acts  two-fold  by  in- 
.  reasing  the  surface  and  decreasing  the  relative  wdght.  The  result  is  that  such  a  body  in 
any  average  current  of  water  will  be  forever  in  motion  produced  by  eddying  action  upon 
the  current. 
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plates,  and  the  mercury  removed  by  acid.  Each  lot  was  rubbed 
with  the  finger  through  a  150  mesh  sieve,  with  the  following  re- 
sult: 

Tustin,  coarser  than  150  sieve,  per  cent 3.78 

Stamps       "        "        '       "       "       "      1.76 

The  former  in  bulk  appeared  as  a  bright  yellow — the  latter  as 
dark  brownish  yellow.  Mr.  F.  B.  Morse,  the  superintendent, 
informed  the  writer  that  the  amalgam  averaged  as  follows: 

Tustins,  amalgam  retorts 30  to  35% 

Stamps,         "  " 25  to  30% 

or  as  a  mean,  32|  %  against  22A  %.  This  indicates  that  more 
surface  exists,  as  the  finer  the  gold  grains  the  lower  in  value  is 
the  amalgam.  As  the  ore  is  identical,  the  gold  must  have  been 
cut  up  by  the  stamps,  or  rather  by  the  shearing  and  abrasive  ac- 
tion of  the  quartz  grains. 

In  the  case  of  curves  G  D,  the  ore  is  from  the  Utica  mine  at 
Angels,  Calaveras  Co.  Curve  D  shows  the  pulp  from  900  pound 
stamps,  at  85  per  minute,  falling  6  inches.  The  general  milling 
result  of  this  ore  is,  per  ton: 

Saved  by  amalgamation $3.60 

"       "    Duncan  concentrator .80 

Lost  in  the  tailings 4. 60 

Value  per  ton $9.00 

This  ore,  worked  in  the  Tustin,  gave  for  a  lot  of  2.1  tons,  per 
ton. 

Saved  by  amalgamation $5.70 

"    Frue  Vanners 2.00 

Lost  in  tailings 1.30 

Value  per  ton $9.00 

Separation  of  the  tailings  by  sieves  and  panning  each  size 
separately  showed  that  the  tailings  contained  20  cents  per  ton> 
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in  sulphureta  and  amalgam,  leaving  $1.10.  A  similar  examina- 
tion of  the  stamp  tailings  showed  that  the  value  of  the  sulphurets 
would  be  about  $2.30  per  ton.  Hence  there  would  be  SG.70  free 
gold. 

Combining  the  above  data,  there  is: 

Tustin.     Stamps. 

Free  gold  saved,  percentage  of  value 85         54 

Sulphurets    "  "  "       "      87         35 

Total  value   "  "  "       "      85A       49 

No  other  reason  for  this  great  difference  can  exist  except  that 
of  sliming  the  pulp,  and  perhaps  cutting  up  the  gold  to  some 
extent.  It  should  be  remarked  that  this  ore  is  a  talcose  slate 
mixed  with  quartzite,  limestone  and  dolomite;  it  is  very  easily 
slimed. 

In  view  of  the  foregoing  facts,  there  can  be  no  reasonable 
doubt  of  the  very  injurious  action  of  sliming  or  extension  of  the 
surface;  moreover,  the  experiments  are  in  accord  with  other  ex- 
perience. 

To  express  the  matter  briefly,  it  requires  twice  as  much  gross 
power  to  slime  ore  than  to  granulate  it,  and  the  loss  of  the  val- 
uable metal  or  mineral  will  be  very  greatly  increased. 

The  conditions  necessary  for  perfect  granulation,  such  that 
the  fewest  grains  of  small  diameter  will  be  made,  are  two: 

The  blow  must  be  proportional  to  the  work  to  be  done  on  any 
grain. 

The  discharge  of  the  reduced  grains  must  be  as  rapid  as  pos- 
sible. 

No  machine  can  fulfill  the  first  condition,  but  all  average  it. 
The  perfect  machine  will  operate  only  on  grains  of  the  same  di- 
ameter, or  on  groups  in  which  the  ratio  between  greatest  and 
least  diameters  is  constant.  Thus,  if  the  ratio  be  2,  the  largest 
diameter  be  40  mm.  (1.6  inches).  Then  the  groups  will  be  40  to 
20,  20  to  10,  10  to  5,  5  to  2^,  etc.,  at  each  reduction  a  sifting  and 
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the  various  sizes  pass  to  their  respective  machines.  Such  system 
well  carried  out  should  reduce  the  slimes  on  hard  clean  ores  to 
not  more  than  two  per  cent.,  calling  finer  than  120  mesh  slimes, 
and  should  in  a  measure  approximate  to  the  curve  marked 
"Ideal"  on  Diagram  1.  This  would  necessarily  involve  rollers 
and  gradual  reduction  by  them. 

The  future  of  mining  lies  in  the  profitable  treatment  of  low 
grade  ores,  of  which  there  is  immense  quantities.  It  is  the 
savings  that  can  be  effected  over  the  present  system  of  milling 
that  will  render  their  future  working  possible. 
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APPENDIX. 


EXPLANATION    OF    THE    DIAGRAMS. 


Diagram  No.  1  is  constructed  from  the  following  data: 


TABLE  No.  1. 


SHOWING  THE  DEI  SFACK  BETWEEN  THE  WISES    OF   CLOTH    USED    FOR    BATTERY    SCREENS    ANI> 
SIEVES.      SAX  FRANCISCO,  CAL. 


Trade  Number  on  Holes 
to  the  Lineal  Inch. 

Brass  wire  cloth. 

Steel  wire  cloth. 
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Steel  wire  cloth. 
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09 

94 
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0100 
0090 
0090 
0080 
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0061 
0050 
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069 
0-56 
0-49 
0-42 
036 
0-29 
0-28 
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0  23 

0-027 
0-022 
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0-017 
0-014 
0-011 
0011 
0010 
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0-04 
046 
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0-33 
0-26 
0-19 
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n  16 
0-14 
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BO 

CO 

0011 
0-008 
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0-006 

80 
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measurement  of  the  thickness  of  the  standard  needles  used  for  gauging  HOLES  in 

RUSSIA  IRON  BATTERY  SCREENS.      SAN  FRANCISCO,  CAL. 


Trade  Number  of 

Needle  or  Screen. 

Diameter  of   needle 

or  hole  in  m.m. 

Calculated. 

Diameter   of   needle 

or  hole  in  inches. 

Measured. 

Nearest   trade 

number   of   brass 

wire  cloth. 

No.  1 

1 

0 
0 
0 
0 
0 
0 
0 
0 
0 

8 

110 
996 

950 
863 
813 
720 
662 
580 
515 
452 
391 
375 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0436 

0392 
0374 
0340 
0320 
0284 
0261 
0228 
0203 
0178 
0154 
0148 

No.  18 

•> 

4 

r, 

8       

18 
20 
20 
24 
24 
24 
30 

9..           

30 

10 

11              

35 

40 

12 

40 
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Diagram  2  shows  the  pulp  curves  from  various  ores  and  pro- 
cesses. A  portion  of  the  square  has  been  cut  away  to  insert  the 
description  of  the  ores  and  process  of  reduction.  These  are  all 
from  early  experiments  and  are  inserted  to  show  that  the  pulp 
curve  may  be  either  concave  or  convex  to  the  origin  of  co- 
ordinates. 

The  curve  marked  "Ideal"  is  what  good  practice  should  ap- 
proximate to.  Thus  if  the  ore  is  crushe  1  through  a  35  mesh 
sieve  and  90  per  cent,  will  rest  on  a  50  sieve,  and  if  this  pulp 
having  a  diameter  between  0.3  and  0.45  m.m.  (T?;oT)  and  Tlfa  of 
inch)  is  sufficiently  small  to  release  the  inclosed  mineral,  then  it 
is  clear  that  no  pulp  need  be  finer  than  50  sieve.  Theoretically 
every  grain  should  be  of  the  same  diameter,  but  as  this  is  im- 
possible, the  percentage  of  small  grains  should  be  as  low  as 
possible.  Therefore  the  ideal  curve  should  be  like  the  one 
given. 

Diagram  3. 

This  requires  no  explanation  other  than  given.  The  percent- 
ages were  determined  with  more  care  than  those  of  Diagram 
No.  2,  because  the  conditions  were  very  favorable  for  an  accu- 
rate sample. 

Diagram  4. 

The  round  dots  are  the  observed  values.  The  size  of  the  bat- 
tery screen  is  a  known  point;  also  the  size,  x— .001  mm. =100 
per  cent.,  is  a  kr.own  point.  The  equations  of  the  curves  are 
found  by  trial,  the  problem  being  to  find  some  curve  that  will 
pass  through  the  initial  and  terminal  points  and  conform  a9 
nearly  as  possible  to  all  the  observed  points.  When  this  equa- 
tion is  differentiated ,  the  new  equation  will  give  the  weight  of 
all  the  grains  for  any  diameter  x.  These  curves  are  marked  a, 
b.  The  areas  inclosed  by  each  and  shown  by  the  shading  are= 
100  per  cent.,  because  if  the  equation  of  the  curve  be  integrated 
it  must  make  100  per  cent. ;  that  is,  all  the  pulp  is  smaller  than 
the  battery  screen.  It  should  be  noticed  that  the  equation  of 
curve  A  has  its  origin  at  r=.001  any  ?/=100,  so  that  the  >/  of  the 
equation    counts    downward  and    means    the   quantity  of    pulp 
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smaller  than  x  diameter.  This  is  done  to  avoid  writing  ?/=100 
— ax.  Curves  a,  b,  are  plotted  on  a  scale  of  one-tenth  of  their 
value.  The  object  being  to  find  the  differential  curve  and  the 
curve  of  surface  from  any  pulp  curve,  calculus  can  be  dispensed 
with  and  the  graphical  method  can  be  used.  Draw  a  smooth 
free-hand  curve  and  measure  the  value  of  the  tangent  for  the 
various  diameters,  as  .r=.02,  .04,  .06,  etc.  Plat  these  values  on 
the  same  diagram — the  derived  points  will  perhaps  show  irregu- 
larities— draw  a  smooth  free-hand  curve  through  all  these  points; 
this  will  be  the  differential  curve.  To  find  the  surface,  take  val- 
ues of  y  in  this  differential  curve  corresponding  to  any  x,  and 
divide  it  by  x;  with  these  quotients  plat  a  new  curve.  This  is 
the  curve  of  surface;  any  ordinate  y  in  this  curve  shows  the  sur- 
face for  x.     The  area  inclosed  by  the  curve  is  the  total  surface. 


NOTE. 

Let  the    diameter  x   be  increased    by    a    film  of  water   whose 
thickness  is  £  a,  then  the  new  diameter  is 

diam  .  =  (a  -j-  x) 

The  volume  is 

(a  +  xy 

Let  c  =  the  specific  gravity  of  the  body  x  and  the  wreight  of 
(a  -j-  x)  will  be  (water  being  one) 

Weight  =  (a  -f  xf  (c  —  1)  x* 
Specific   gravity  =   w      _  {a  -f  a:)3  -j-  (c — l\x3  =l-\- (c—l)x* 


vol.  [a   -  xf  (i+-*")3 

Then  by  formula,  susp.  vel.  =  v  =  ^   c  —  1  \/x 


j(c  —  l)ar  n  -\-x  =  (c_!  >3 

X  («  +  •'  % 
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Now  if  a  is  very  small  in  comparison  to  x,  then  the  equation 
reduces  to  (c  —  \)xv% 

But  if  x  be  very  small  as  compared  to  a,  then  it  becomes 


(c  —  l)x 


a 
Consequently   the  exponent  can  vary  from   x%  to  .r'-  if  an  ex- 
ponential equation  be  used  to  represent  the  relation  of  v  and  x. 


TECHNICAL  SOCIETY  OF  THE  PACIFIC  COAST, 


INSTITUTED  APRIL,   1884. 


PROCEKDINOS 


(Volumk   III— May.    1886. 


MINUTES  OF  MEETINGS. 

REGULAR    MEETING. 

May  7,  1886. 
President  Meudell  in  the  chair. 

The  minutes  of  preceding  meeting  were  read.  There  having 
been  some  question  as  to  the  accuracy  of  the  record  relating  to 
the  motion  of  Mr.  Wagoner  on  the  appointment  of  a  committee 
to  consider  "  the  question  of  the  appointment  of  a  Board  of 
Public  Works,"  that  gentleman  stated  that  the  Secretary  had 
recorded  his  motion  properly.  The  minutes  were  therefore  ap- 
proved. 

Luther  Wagoner  read  a  paper  on  "  The  Theory  of  Ore  Crush- 
ing." 

The  committee  appointed  at  the  April  meeting  to  consider  the 
question  of  "the  appointment  of  a  board  of  Public  Works  by 
the  Government,"  presented  a  written  report. 

On  motion  of  Mr.  Schuyler  the  Executive  Committee  was  in- 
structed to  print  the  report  in  the  Transactions. 

On  motion  of  Mr.  Manson  it  was  resolved  that  after  publica- 
tion of  the  report,  and   its  receipt  by  members,  the  subject    be 
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considered  at  the  regular  meeting  in  June,  and    that    notice  of 
such  proposed  discussion  be  sent  to  members  by  the  Secretary. 

On  motion  of  Mr.  Wagoner  the  Secretary  was  instructed  to 
notify  the  Secretary  of  the  Civil  Engineers'  Committee  on  the 
appointment  of  a  Board  of  Public  Works,  that  the  Technical 
Society  of  the  Pacific  Coast  had  not  yet  appointed  a  permanent 
committee,  but  was  still  considering  the  subject. 

The  following  is  the  report  of  the  committee  appointed  at  the 
April  meeting  of  the  Society: 

REPORT  OF  THE  COMMITTEE    ON  NATIONAL  BOARD  OF  PUBLIC 

WORKS. 

We,  the  undersigned,  desire  to  present  the  following  report  as  our  views 
upon  the  question  submitted  for  our  consideration,  viz:  The  appointment 
of  a  Board  of  Public  Works  by  the  Government,  and  together  with  same  is 
respectfully  submitted  the  dissenting  report  of  Capt.  A.  H.  Payson. 

LUTHER  WAGONER, 
MARSDEN   M ANSON. 

REPORT 

At  the  meeting  of  the  Technical  Society  of  April  2d.  Mr.  Wm.  Blunt,  ex 
Secretary  of  the  Executive  Board  of  the  ''  Temporary  Civil  Engineers'  Com- 
mittee on  National  Works,"  addressed  the  Technical  Society,  and  explained 
the  object  of  said  committee  in  advocating  a  course  of  general  action  being 
taken  by  the  engineering  profession  to  effect  a  change  in  the  present  system 
of  public  works. 

O.ir  committee  was  appointed  on  a  motion  made  to  consider  the  desira- 
bility of  our  Society  taking  some  action  towards  identifying  itself  with  the 
movement  advocated  by  the  Engineers'  Committee,  at  that  time  in  session  at 
Cleveland,  Ohio. 

We  preface  this  statement  to  our  report  as  warranting  in  our  minds  our 
treating  the  question  submitted  to  our  investigation  in  its  widest  sense — 
less  as  applying  to  the  consideration  of  what  specific  measures  suggest  them- 
selves at  present  for  attaining  a  des'red  end,  but  rather  as  to  whether  in  our 
opinion  it  be  desirable  for  the  Technical  Society  "to  take  pait  in  an  already 
existing  movemeut  seeking  to  bring  about  an  amelioration  iu  the  policy  of 
our  Government  as  regards  its  internal  improvements. 

As  the  minority  report  of  Capt.  Payson  presents  most  explicitly  au  1  ably 
a  statement  of  many  objections  to  our  present  system  of  conducting  public 
works  by  annual  appro  print  ions  made  by  Congress,  iu  which  we  entirely 
concur,  we  beg  to  present  his  report,  to  which  we  will  append  our  grounds 
for  exception. 
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REPORT  OF  CAPT.  A.  H.  PAYSON. 

It  is  hardly  possible  to  imagine  a  system  of  appropriation  for  public  works 
more  fatal  than  the  present  one  to  their  efficient  conduct,  and  more  produc- 
tive of  disaster  and  extravagance. 

By  this  system,  engineering  considerations  are  entirely  disregarded. 

Appropriations  are  made  by  the  contending  influence  of  private  interests, 
and  in  amounts  which  have  no  relation  to  the  importance  or  cost  of  pro- 
posed works;  but  result  simply  from  mutual  concessions  among  these  inter- 
ests, to  the  end  that  the  total  of  an  appropriation  bill  may  not  become 
insupportable. 

Appropriations  for  new  work  are  made  in  spite  of  adverse  recommendation 
from  the  Chief  of  Engineers  and  his  subordinates;  and  works  begun  are  in 
subsequent  years  left  wholly  unprovided  for  or  starved  by  insufficient  gi-ants 
of  money. 

It  results  that  exact  preliminary  estimates  are  impossible,  and  that,  with 
one  exception,  there  has  not  been  an  important  river  and  harbor  work  un- 
dertaken in  this  country  during  the  last  twenty  years  which  has  not  been 
made  extravagant  in  cost  or  jeopardized  in  success  by  the  finaucial  uncer- 
tainties of  the  present  irrational  and  improper  system. 

The  one  exception  is  the  case  of  the  Eads'  jetties,  at  the  mouth  of  the 
Mississippi,  and  for  these  Congress  made  a  radical  departure  from  its  usual 
course,  and  in  one  act  made  provision  for  the  entire  work. 

A  reform  in  the  legislative  part  of  a  system  of  public  works  could  take  two 
directions:  1st — The  creation  of  an  officer  who  would  probably  change  with 
the  party  in  power,  like  the  French  Minister  of  Public  Works,  with  a  trained 
permanent  engineering  staff  under  him;  who  would  submit  his  estimates  to 
Congress  to  be  passed,  rejected,  or  reduced  in  the  total  by  that  body,  with- 
out power  to  modify  details.  2d — A  law,  which  could  probably  only  be 
effective  as  an  amendment  to  the  Constitution,  providing  that  no  public 
work  should  be  undertaken  until  a  reliable  estimate  of  its  total  cost  was  had) 
and  an  appropriation  made  of  the  full  amount  of  this  estimate,  with  specific 
provision  for  the  necessary  funds  out  of  some  part  of  the  public  revenue, 
or  by  new  taxation,  should  the  condition  of  the  treasury  make  this  neces- 
sary. 

The  first  p'an  leads  directly  to  Cabinet  responsibility  and  participation  in 
the  debates  of  Congress,  involving  such  radical  change  in  o'.r  legislative  sys- 
tem and  displaying  features  so  foreign  to  our  methods,  that  its  adoption  may 
now  be  left  out  of  the  question. 

The  second  plan  has  a  precedent  in  the  action  of  Congress  on  the  Eads' 
bill,  and  seems  to  furnish  all  necessary  safeguards,  both  for  the  control  of 
work  by  the  legislative  body,  and  that  the  engineering  shall  not  be  ham- 
pered for  lack  of  money  at  proper  times.  Experience  with  the  pension  bills 
plainly  shows  that  a  definite  provision  for  the  expense  of  any  measure  should 
be  an  essential  feature  of  the  act  authorizing  its  commencement. 
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The  great  and  crying  evil  of  our  present  system  lies  in  the  legislative  pirt 
of  it;  and  the  question  arises  whether  the  proposed  transfer  of  control  to  a 
Board  of  Public  Works  would  effect  improvements  in  this  respect.  There 
seems  no  reason  for  such  a  hope.  The  motives  which  underlie  the  present 
system  and  result  in  the  present  abuses  are  so  powerful  that  it  is  likely  the 
River  and  Harbor  Bill  itself  will  fail  to  pass  without  their  support. 

It  is  hardly  to  be  believed  that  Congress  will  yield  that  control  over  details 
which  now  makes  the  passage  of  the  bill  possible,  to  any  official  or  body  of 
officials,  no  matter  how  high  their  professional  standing,  private  character  or 
personal  influence. 

The  case  of  the  Light  House  Board  has  been  urged  by  one  of  the  chief 
organizers  of  the  movement  our  society  is  asked  to  support,  as  that  of  a  body 
in  contrast  with  the  Engineer  Bureau  in  organization  and  whose  recom- 
mendations are  usually  followed  by  Congress.  The  difference  in  organiza- 
tion is  not  essential,  as  in  one  case  we  have  a  Board  with  preponderating 
military  and  naval  membership,  acting  on  advice  of  subordinates  exclusively 
naval  and  military;  and  in  the  other  a  military  chief,  acting  upon  reports 
and  recommendations  of  military  subordinates. 

Though  aids  to  navigation,  when  authorized,  are  usually  put  where  rec- 
ommended by  the  Board,  the  advice  and  opinions  of  that  body  are,  as  a  mat- 
ter of  fact,  as  flagrantly  disregarded  by  Congress  in  engineering  matters,  as 
those  of  the  Chief  of  Engineers  in  the  River  and  Harbor  Bill. 

The  establishment  of  lights  may  be  recommended  over  and  over  by  the 
Light  House  Board  as  urgently  necessary,  without  effecting  an  appropria- 
tion. Work  begun  at  a  great  expense  has  often  to  be  abandoned  for  years 
from  failure  of  subsequent  grants,  and  there  are  cases  where  estimates  sub- 
mitted by  the  Board  have  been  actually  increased  in  Congress. 

There  seems  no  present  ground  for  hope  of  remedy  for  these  legislative 
abuses  in  any  mere  change  of  personel  in  the  administration,  and  that  reme- 
dy will  only  come,  in  my  opinion,  after  the  evils  of  the  present  system  have 
become  so  grave  and  plain  to  the  public  mind  as  to  force  the  abandonment  of 
the  present  indiscriminate  efforts  at  river  and  harbor  improvement  by  the 
General  Government. 

When  that  has  been  brought  about,  we  may  hope  to  see  established  some 
rational  and  settled  policy  of  appropriations,  and  the  limitation  of  disburse- 
ments from  the  National  Treasury  to  works  which  are,  beyond  all  question, 
of  national  importance. 

Assuming  that  Congress  will  adhere  to  its  present  faulty  method  of  appro- 
priation, we  are  led  to  the  question,  whether  it  is  desirable,  under  these 
methods,  to  seek  a  change  in  the  administration.  In  considering  this,  we 
must  not  contrast  the  existing  personel  and  organization  with  an  ideal  crea- 
tion, but  should  inquire  what  change  might,  in  all  human  probability,  be  ex- 
pected from  legislation  in  the  present  temper  of  Congress  and  state  of  the 
public  mind  on  the  Civil  Service.  To  be  practical,  we  must  ask,  not  whether 
improvement  is  possible,  but  whether  we  are  likely  to  get  it  from  the  influ- 
ences and  with  the  machinery  which  will  seek  and  effect  the  change. 
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The  control  of  River  and  Harbor  work  fell  into  the  hands  of  the  Corps 
of  Engineers  accidentally,  but  naturally,  at  the  close  of  the  civil  war,  and  has 
never  since,  I  believe,  received  the  formal  sanction  of  a  law.  The  system 
was  created  by  and  continued  in  expediency,  aud  that  it  has  endured  so  long 
js  some  testimony  to  its  m<  rit.  In  the  officers  of  the  Corps,  the  Government 
had  the  service  of  men  for  whom,  as  a  body,  it  could  be  claimed  that  by  edu- 
cation and  intelligence,  they  were  well  fitted  to  undertake  the  study  of  sub- 
jects of  which,  in  this  country,  there  was  at  that  time  practically  no  experi- 
ence; while  their  life  tenure  of  office  gave  guarantee,  which  can  be  had  in  no 
other  way,  for  an  honest  disbursement  of  money  The  policy  of  the  Gov- 
ernment was  not  fixed  as  to  internal  improvements,  nor  has  it  since  become 
so,  and  can  be  abandoned  or  reversed,  as  it  has  already  been  abandoned  and 
reversed,  at  any  time  by  the  action  of  Congress. 

Under  these  circumstances,  the  selection  of  the  Corps  of  Engineers  for  the 
duties  imposed  by  the  River  and  Harbor  Bill  was  a  natural  one,  aud  had 
precedent  in  the  administration  of  public  works  in  both  England  and  France. 
The  officers  of  the  Royal  Engineers  have  always  been  used  for  civil  work  in 
England  and  India,  to  the  extent  to  which  they  could  be  spared  from  their 
military  duties;  and  the  highest  graduates  of  the  French  Military  School, 
the  "  Poly  technique",  elect,  by  graduating  rank,  to  enter  various  branches 
of  the  civil  engineering  service.  Rhetoric  has  been  used  to  show  that  mili- 
tary habits  of  thought  aud  action  are  in  essence  distinct  from  civil,  and  that 
they  disqualify  their  possessor  for  the  judicious  conduct  of  civil  engineering 
work,  or  business  relations  with  the  world  at  large. 

The  man  who  plans  and  orders  without  hearing  or  weighing,  as  Mr.  Pow- 
ell of  the  Geological  Survey  has  alleged,  is  the  military  habit,  would  be  prob- 
ably unsuccessful  in  either  military  or  civil  life;  but  granting  the  objection 
to  military  training  and  association  to  have  weight,  it  can  be  shown  that  this 
objection  has  but  a  limited  application  to  the  Corps  of  Engineers  as  it  now 
stands.  Of  its  officers,  all  but  the  eight- en  now  highest  in  rank,  have  grad- 
uated during  and  since  the  war.  Fortification  work,  which  in  its  methods 
differs  not  at  all  from  civil  constructions,  has  been  suspeuded  since  1876  and 
for  more  than  twenty  years  the  officers  of  the  Corps  have  found  their  most 
important  work  in,  and  directed  most  of  their  thoughts  and  time  to  the  sub- 
ject of  River  and  Harbor  improvements. 

Whatever  criticisms  may  be  made  as  to  the  success  or  ability  of  these  ef- 
forts, it  can  hardly  be  urged  against  a  great  majority  of  the  Corps  that  their 
training  and  associations  have  been  so  exclusively  military  as  to  unfit  them 
for  civil  life.  All  the  experience  of  River  aud  Harbor  improvements,  which 
we  now  have  in  this  country,  is  in  the  Corps  of  Engineers  and  the  civil  as- 
sistants who  have  been  associated  with  it  Large  sums  of  money  have  been 
disbursed  without  scandal,  while  the  persoual  independence  which  can  only 
come  from  a  life  tenure,  has.  against  stroug  pressure,  successfully  resisted 
that  political  interference  with  the  working  force,  which  is  the  bane  of  our 
public  service. 


Minutes  of  Meetings.  69 

It  is  believed  that  a  case  cannot  be  pointed  out  of  the  discharge  or  engage- 
ment by  an  engineer  officer,  for  political  reasons,  of  any  employee,  from  the 
highest  to  the  lowest  grade. 

Severe  criticism  has  been  made  of  the  complicated  and  tedious  methods  fol- 
loved  in  the  care  and  accounting  for,  of  public  property  and  the  disbursement 
of  public  funds.  This  depends  on  and  results  from  laws  of  Congress,  for 
which  the  officers  of  the  Corps  and  the  military  spirit  are  in  no  sense  respon- 
sible; and  the  same  inconveniences  are  felt  in  every  branch  of  our  public  ad- 
ministration, civil  and  military. 

The  chief  and  officers  of  the  Corps  have  always  sought  simplification  and 
relaxation  of  the-e  laws,  on  the  ground  that  the  diverse  character  and  liabil- 
ity to  emergency  of  engineering  work,  rendered  their  rigid  application  disad- 
vantageous to  tbe  public  service. 

Mistakes  of  judgment  hive  of  course  been  made,  and  many  deserving  men 
attached  to  the  Corps  as  civil  assistants,  have  justly  felt  aggrieved  that  they 
did  not  share  the  permanence  nor  enjoy  the  opportunities  for  advancement 
of  their  military  associates. 

Under  a  system  which  in  one  year  appropriates  S12,000,OJO  for  public  im. 
provemeuts,  and  the  next  year  nothing,  expansion  and  contraction  of  the 
working  force  is  necessary,  and  would  sill  be  necessary,  no  matter  what  the 
constitution  of  the  board  or  bureau  iu  charge.  It  is  believed  that  the  free, 
dom  from  political  pressure  enjoyed  by  the  military  officers  of  the  Corps,  has 
kept  this  process  of  selection  and  removal  free  from  unworthy  motives;  that 
they  have  always  sought  to  give  deserving  men  all  possible  permanence  in 
employment;  and  that  the  same  could  not  be  expected  of  anybody  not  inde- 
pendent of  the  fluctuating  policy  of  Congress  toward  river  and  harbor  work. 

The  system  is  doubtless  imperfect  and  has  worked  injustice,  fur  which  the 
officers  of  the  Corps  can  hardly  be  held  responsible;  but  the  benefits  above 
described  are  substantial  ones,  and  we  should  seriously  inquire,  before  urg- 
ing a  change,  whether  that  change,  in  the  form  which  it  will  doubtless  take, 
will  secure  the  same  advantages,  or  others,  which  would  compensate  for 
their  loss. 

What  will  be  the  nature  of  new  legislation  on  the  subject  ?  If  we  can  judge 
by  the  course  of  Congress  in  the  past,  its  feeling,  and  that  of  the  public 
touching  the  creation  of  life  officers,  we  shall  have  a  Board  or  Bureau  of 
Public  Works,  more  or  less  permanent,  and  a  body  of  assistants  under  it, 
which  will  vary  in  numbers  with  the  requiiements  of  the  River  and  Harbor 
Bill. 

How  will  this  Board  be  selected?  Will  the  men  now  iu  civil  life  most 
fitted  by  professional  acquirements  for  the  places,  and  for  that  reason  pro- 
bably already  earning  large  rewards,  leave  that  competition  in  which  their 
success  is  certain,  for  the  small  salary  of  a  public  official,  without  the  guar- 
antee of  life  tenure? 

Will  those  officers  of  rank  and  experience  in  the  Corps  of  Engineers,  the 
desii  ability  of  whose  services  in  a  new  organization  is  admitted  by  ail,  throw 
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up  their  life  commissions  for  the  feeble  inducement  above  described?  Is  it 
not  more  likely  that  the  competition  for  these  new  places  will  be  among 
th  ise  who  have  not  achieved  a  definite  success  in  civil  life,  and  who  have 
more  confidence  in  the  political  influence  they  ma}'  command  thm  in  their 
profess'onal  accomplishments  ? 

There  is,  therefore,  practically  a  certainty  that  a  new  Bureau  will  not  have 
the  independence  which  comes  from  life  tenure,  and  a  probability  that  it 
may  not  eq  lal  in  aggregate  experience  or  acquirements  the  present  adminis- 
tration. 

There  seems  no  reason  to  su;  pose  that  a  new  Bureau,  however  consti- 
tuted, will  force  upon  Congress  a  fixed  and  rational  policy  of  appropriations! 
from  which  it  results  that  a  large  force  of  assistant  will,  as  now,  have  to  be 
alternately  selected  and  removed. 

With  the  chiefs  themselves  owing  their  appointment  to.  and  dependent 
on  political  causes,  it  is  hardly  to  be  hoped  that  these  subordinate  appoint- 
ments will  be  made  for  purely  professional  reasons. 

We  need  not  go  outside  of  our  own  Government  to  find  a  department  or- 
ganized for  purely  technical  and  scientific  work  under  civil  administration, 
where  the  chiefs  of  every  important  office  change,  as  a  matter  of  course,  with 
the  politics  of  the  dominant  party,  and  where  neither  experience  u or  profi- 
ciency will  save  the  oldest  employe  from  summary  dismissal  for  political 
reasons. 

It  may  seem  illogical  to  admit  that  a  thing  could  be  changed  for  the  bet- 
ter, and  at  the  same  time  to  resist  the  effort  for  a  change;  but  we  have  ample 
reason  to  fear  that  the  gift  of  Congressional  reform  wid  be  the  Grecian  wooden 
horse,  which  will  conceal  the  inroad  of  fresh  dangers  for  our  much  tried 
Civil  Service. 

The  motives  which  now  seek  and  generally  accomplish  the  passage  of  the 
annual  appropriations  would  become  inert  or  hostile  were  the  objectionable 
features  of  that  legislation  removed;  and  without  a  revolution  in  popular 
and  Congressional  feeling  in  the  matter,  of  which  there  are  yet  no  signs,  it 
will  be  as  idle  to  seek  benefits  from  a  change  in  administration  as  to  prune 
and  graft  upon  a  tree  which  is  already  dying  at  the  root.'' 

The  fact  appears  generally  admitted  that  our  present  system  is  lamentably 
imperfect  as  a  basis  for  conducting  public  works;  by  none  more  readily  ad- 
mitted than  by  the  corps  at  present  charged  with  the  execution  of  said  im- 
provements. 

While  concurring  in  this  opinion  and  wishing  to  give  to  it  all  the  weight 
which  our  concurrence  can  give,  we  dissent  from  two  conclu>i  .us  drawn  by 
Capt.  Payson,  namely,  1st — That  the  present  system  of  annual  appropria- 
tions by  Congress  is  too  deeply  rooted  and  too  effectually  sanctioned  by  cus- 
tom and  political  expediency  to  be  overthrown  by  a  pi oper  dissemination 
among  the  general  public  of  rational  views  upon  this  subject. 
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We  have  the  fullest  confidence  in  the  intelligence  of  the  people  when  a  mat- 
ter affecting  their  common  interests  is  properly  impressed  upon  their  minds; 
that  if  this  matter  be  but  properly  presented  and  discussed,  their  represent- 
atives can  be  relied  upon  to  carry  <:mt  their  wishes. 

2d — That  the  formation  of  a  permanent  branch  of  the  Civil  Service,  under 
which  life  tenure  will  be  assured,  is  incompatible  with  our  present  political 
system. 

That  this  view  is  erroneous,  we  have  evidence  of  in  the  tenure  of  office 
enjoyed  in  the  Judiciary  and  Coast  Survey  Departments,  not  to  mention  the 
permanent  organization  of  the  army  and  navy. 

In  our  judgment,  as  regards  public  matters,  the  fiat  has  gone  forth  in  favor 
of  civil  service  reform;  its  future  will  be  progressive,  for  the  reason  that  the 
people  demand  business  methods  in  public  business. 

In  discussing  this  general  question,  the  prime  evil  stands  boldly  forth  in 
the  shape  of  the  method  of  obtaining  and  distributing  the  appropriations, 
not  in  their  disbursement  and  application.  The  eradication  of  this  and  the 
substitution  of  a  rational  system,  is  the  question  to  which  our  voices  and 
votes  as  citizens  and  our  professional  discussions  as  members  of  the  Tech- 
nical Society  should  be  turned. 

No  Board  of  Public  Works,  however  competent,  faithful  and  efficient, 
could  accomplish  good  results  under  the  present  system  of  appropriations, 
nor  is  there  any  reason  to  suppose  that  a  Board  could  obtain  better  results 
than  are  at  present  secured  by  the  Corps  of  Engineers. 

With  the  correction  of  the  fundamental  evil,  the  formation  of  a  Board  of 
Public  Works  will  naturally  follow,  and  must  draw  into  its  membership  those 
men  best  fitted  to  marshal  the  forces  of  nature  for  Man's  benefit,  whether 
their  early  training  be  civil  or  military. 

To  conclude,  in  our  opinion  it  is  expedient  for  our  Society  to  identify  itself 
with  the  action  proposed  by  the  "  Engineers'  Committee,"  in  so  far  as  it  may 
relate  to  the  production  of  a  healthy  state  of  public  sentiment  in  the  matter 
of  a  policy  of  Public  Improvements.  Further  than  this,  we  have  at  present 
no  recommendation,  preferring  to  leave  the  matter  open  for  future  discus- 
sion and  action,  as  our  knowledge  of  the  question  and  its  issues  may  extend. 

May  7th,  1886. 
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AIR  BRAKE  TESTS. 

By  W.  W.  Hanscom,  Mem.  Tech.  Soc. 
Read  September  3,  1886. 

The  object  of  this  paper  is  to  give  some  general  information 
about  the  recent  trials  of  the  automatic  brakes  at  Burlington, 
Iowa,  with  particular  reference  to  those  brakes  operated  by 
air  pressure.  These  trials  were  inaugurated  for  the  pur- 
pose of  inducing  owners  of  automatic  brakes  adapted  to  freight 
car  service  to  present  and  test  them,  so  that  the  Car-Builders 
Association  of  the  United  States  might  indorse  or  recommend 
those  which  proved  the  most  economical  and  desirable  for  freight 
service.  There  were  five  competitors  in  these  trials,  including 
the  Westinghouse,  Eames,  Widdifield  &  Button,  the  Rote  and 
the  American.  The  last  three  mentioned  are  termed  buffer  or 
draw-head  brakes,  on'  account  of  their  being  put  in  action 
through  a  compression  of  the  draw-bar  of  the  car  to  which  they 
are  attached,  in  contradistinction  to  the  Westinghouse  and 
Eames  brakes,  which  are  operated  by  air  pressure.  The  West- 
inghouse brake  uses  a  pressure  of  60  to  80  pounds  above  the 
atmosphere.  The  Eames  brake  uses  4  or  5  pounds  pressure  less 
than  the  atmosphere,  and  is  called  a  vacuum  brake.  A  general 
description  of  the  important  features  of  these  several  air  brakes, 


74  Hans  com  on  Air  Brake  Tests. 

whose  actions  are  somewhat  similar,  will  be  sufficient.     Tour 
attention  will  now  be  called  to  this  subject. 

In  the  Westinghouse  brake  the  apparatus  consists  of  an  air 
pump  or  compressor  on  the  locomotive,  a  main  reservoir  for 
storing  the  compressed  air  ready  for  use,  and  an  engineer's 
brake-valve  connected  to  this  reservoir.  From  this  brake-valve 
extends  a  pipe  throughout  the  length  of  the  train,  composed  of 
iron,  under  each  car,  and  of  rubber  hose  with  suitable  couplings 
between  each  2  cars,  thus  making  practically  a  continuous  pipe 
the  whole  length  of  a  train.  Under  each  car  and  connected  to 
the  train  pipe,  through  a  peculiar  piece  of  mechanism  called  a 
triple  valve,  is  a  small  auxiliary  reservoir  which  is  of  sufficient 
capacity  to  supply  air  to  a  brake  cylinder  close  by.  This  brake 
cylinder  consists  of  a  common  cylinder  with  piston  and  rod,  the 
rod  being  attached  to  the  brake  levers  of  the  car,  so  that  when 
the  piston  is  pushed  out  by  the  pressure  of  air  behind  it  the 
brake  shoes  are  pressed  against  the  wheels  and  the  speed  of  the 
train  retarded  or  stopped  entirely,  as  the  case  may  be.  This 
triple  valve  consists  principally  of  a  piston  and  a  slide  valve, 
and  when  the  air  pressure  is  in  excess  on  one  side  of  the  piston, 
it  is  pushed  up  and  communication  is  direct  between  the  train 
pipe  and  the  auxiliary  reservoir.  This  continues  so  long  as  the 
pressure  is  equal  on  both  sides  of  the  piston,  but,  if  a  sudden 
reduction  of  pressure  is  made  behind  this  piston,  leaving  an  ex- 
cess on  the  other  side,  the  piston  will  immediately  move  back, 
carrying  with  it  the  slide  valve  above  mentioned.  This  slide 
valve  opens  communication  between  the  auxiliary  reservoir  and 
the  brake  cylinder,  while  at  the  same  time  or  a  little  before,  it 
closes  communication  between  the  train  pipe  and  auxiliary  res- 
ervoir. 

The  operation  in  action  or  when  a  train  is  in  motion,  is  as 
follows:  The  main  reservoir  is  charged  with  air  of  85  pounds 
pressure  and  the  train  pipe  and  auxiliary  reservoirs  are  filled 
with  air  at  a  pressure  of  65  to  70  pounds,  an  excesB  of  about  20 
pounds  being  kept  in  the  main  reservoir  as  a  reserve  for  ope- 
rating the  triple  valve.  When  it  is  desired  to  slow  the  train  or 
stop,  the  engineer,  by  means  of  the  brake  valve,  lets  some  of  the 
air  out  of  the  train  pipe,  suddenly  reducing  the  pressure  in  that 
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and  behind  the  pistons  in  the  triple  valves.  These  pistons, 
moving  backward,  close  the  communication  between  the  train 
pipe  and  the  auxiliary  reservoir,  so  that  no  air  escapes  back  from 
that  to  the  train  pipe  when  the  pressure  is  reduced.  At  the 
same  time  communication  is  opened  between  the  auxiliary  reser- 
voir and  the  brake-cylinder,  the  compressed  air  in  the  former 
expands  into  the  latter,  the  final  pressure  on  the  piston  of  the 
brake-cylinder  being  inversely  in  proportion  to  the  movement 
of  the  piston  or  increase  of  volume  of  air.  The  volume  of  the 
auxiliary  reservoir  is  proportional  to  the  brake-cylinder,  so  that 
with  an  initial  pressure  of  70  pounds  in  the  reservoir  and  a 
movement  of  4  inches  of  the  piston  in  brake-cylinder  there  will 
be  a  final  pressure  of  61  pounds;  with  a  piston  travel  of  9 
inches,  50  to  53  pounds;  and  with  a  piston  travel  of  12  inches,  a 
final  joressure  of  44  pounds,  provided  that  everything  is  in 
perfect  condition  and  no  leakages.  In  actual  practice  at  the 
brake-trials  or  with  the  initial  pressure  of  67  pounds  the  final 
pressure  with  6  inches  travel  of  piston  was  43  pounds.  It  was 
stated  above  that  if  a  sudden  reduction  of  pressure  were 
made  in  the  train  pipe  the  piston  of  the  triple  valve  would  be 
moved.  When  the  piston  of  the  triple  valve  is  pushed  up  by 
the  excess  of  pressure  in  the  train  pipe  it  passes  a  leakage 
groove  in  its  cylinder,  which  allows  the  air  to  pass  through  and 
into  the  auxiliary  reservoir  to  charge  it;  and  if  a  gradual  re- 
duction of  the  air  pressure  is  made  in  the  train  pipe  the  excess 
of  air  on  the  other  side  of  the  piston  and  in  the  auxiliary  reser- 
voir will  pass  back  through  this  leakage  groove  into  the  train 
pipe  without  moving  the  triple  valve,  and  consequently  no  air 
will  pass  into  the  brake  cylinder  to  operate  the  brakes,  and  the 
brakes  will  not  be  applied  although  all  the  air  may  be  drawn 
gradually  from  the  auxiliary  reservoir. 

In  the  Eames  brake  a  single  line  of  pipe  is  maintained 
throughout  the  train  and  auxiliary  reservoirs  and  brake  cylinders 
or  diaphragms,  as  in  the  Westinghouse;  but,  as  only  the  pressure 
of  the  atmosphere  is  used,  it  requires  a  vacuum  to  be  maintained 
in  the  train  pipe  and  auxiliary  reservoirs  as  in  the  Westing- 
house  is  required  a  pressure.  An  automatic  valve  is  used  on  the 
Eames  similar  in  its  functions  to  the  triple  valve  of  the  West- 
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inghouse,  that  is,  it  opens  communication  between  the  auxiliary 
reservoirs  and  the  diaphragms  by  an  increase  of  pressure  in  the 
train  pipe,  creating  a  partial  vacuum  in  the  brake-cylinders  or 
diaphragms. 

The  pistons  of  these  vacuum  brakes  are  composed  of  rubber 
sheets,  to  avoid  the  leakage  and  friction  of   pistons. 

It  was  intended  in  these  tests  to  determine  how  far  or  on 
how  many  cars  comprising  a  freight  train  the  action  of  the  brakes 
under  trial  would  reach  effectively,  as  without  the  assistance  of 
brakemen  this  would  limit  the  length  of  train  to  be  properly 
controlled  by  power  brakes  under  daily  conditions.  The  track 
upon  which  the  tests  were  made  was  about  8  miles  in  length, 
between  Burlington  and  Middletown,  part  of  this  track  being 
nearly  level  and  a  part  having  a  grade  of  52.8  feet  per  mile. 
The  trains  were  to  have  stops  made  on  the  level  from  speeds  of 
20  and  40  miles  per  hour,  and  also  at  the  same  speeds  on  the 
grade.  The  trains  were  started  from  Middletown  on  the  level, 
when  stop  No.  1  was  made  from  a  speed  of  20  miles  per  hour; 
stop  No.  2  on  the  level  from  a  speed  of  40  miles  per  hour;  then, 
continuing  on  the  grade,  stop  No.  3  was  made  from  a  speed  of 
20  miles  per  hour,  and  stop  No.  4  from  a  speed  of  40  miles  per 
hour.  The  distances  between  all  the  stop  posts  was  ample  for 
getting  up  the  speed  desired.  The  speed  varied  some  from  what 
had  been  laid  down,  from  the  difficulty  of  reaching  that  exact 
speed  at  the  moment  of  the  application  of  the  brake  opposite  the 
post  set  beside  the  track  for  this  purpose. 

The  speeds  at  stop  No.  1  on  the  level  reached  from  19  to  26 
miles,  and  at  stop  No.  2  on  the  level  from  30  to  43^  miles;  at 
stop  No.  3  on  the  grade  from  20  to  26,  and  at  stop  No.  4  on  the 
grade  from  31  to  45i  miles  per  hour. 

The  distances  run  in  making  these  stops  were:  In  stop  No.  1, 
from  330  to  1,302  feet;  in  stop  No.  2,  from  922  to  2,554  feet;  in 
stop  No.  3,  from  320  to  2,077  feet;  and  in  stop  No.  4,  from  1,077 
to  3,684  feet. 

The  time  in  stopping  was:  In  stop  No.  1,  from  13  to  48J  sec- 
onds; in  stop  No.  2.  from  22^  to  59 J  seconds;  in  stop  No.  3,  from 
15£  to  76£  seconds;  and  in  stop  No.  4,  from  24^  to  102  eeconds. 
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These  differences  in  speeds,  distances  run  in  stepping  and 
time  in  making  stops  were  due  to  a  variety  of  causes,  which  it 
would  be  impossible  to  explain  fully  in  the  short  time  in  which 
your  attention  is  invited. 

There  were  four  kinds  of  trains  made  up  for  the  tests — all  of 
them  having  an  engine,  a  dynamometer  car  next  the  engine,  an 
autographic  car  in  the  center  of  the  train,  and  a  way  car  at  the 
rear  end. 

The  first  train  was  composed  of  the  above,  with  24  box  cars, 
12  of  them  being  loaded  with  20  tons  each  of  old  car  wheels,  and 
9  of  the  12  loaded  cars  were  placed  in  the  rear  half  of  the  train. 

The  second  kind  of  train  consisted  of  the  eugine,  dynamometer 
car,  autographic  car,  way  car  and  49  box  cars  unloaded. 

The  third  kind  of  train  consisted  of  the  above,  with  24  cars 
loaded  with  20  tons  of  old  car  wheels  in  each,  18  of  these 
loaded  cars  being  in  the  rear  half  of  the  train. 

The  fourth,  same  as  the  above,  with  the  other  25  cars  loaded 
with  20  tons  each,  same  as  the  others,  making  a  maximum  weight 
of  train  of  about  1,670  tons,  with  a  total  length  of  about  1,900 
feet. 

Each  train  of  each  competitor  was  required  to  run  over  the 
distance  three  times,  making  four  stops  each  run. 

In  addition  to  this,  the  trains  of  25  cars,  with  one-half  loaded 
(and  called  mixed  trains),  were  to  be  taken  on  the  level,  and  at 
stops  Nos.  1  and  2,  instead  of  applying  the  brakes  b}^  the  en- 
gineer, the  train  was  to  be  broken  in  two,  so  that  the  brakes 
might  apply  themselves  automatically. 

Also,  the  trains  consisting  of  50  cars  (mixed  trains),  being  one- 
half  loaded,  were  started  down  the  grade  at  a  speed  of  20  miles 
per  hour,  and  were  required  to  reduce  that  speed  to  15  miles, 
which  was  to  be  maintained  the  rest  of  the  way  down  the  grade, 
about  two  miles.  In  these  latter  tests  the  speed  at  starting 
varied  from  18  to  20f  miles,  and  varied  all  the  way  from  these  to 
9  in  running  until  the  post  was  reached,  at  which  a  signal  was 
given  to  stop,  and  the  brakes  were  applied  with  the  full  remain- 
ing force. 

During  the  early  joart  of  the  trials  the  brakes  were  applied  as 
quickly  as  possible  by  the  engineer,    and  the  trains  brought  to 
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rest  in  such  short  distances  that  the  way  car  at  the  rear  end  of 
the  train  was  subjected  to  shocks  that  were  destructive  to  the 
car  and  dangerous  to  the  occupants.  After  several  of  these 
sudden  stops,  which  were  called  emergency  stops,  it  was  decided 
that  the  future  stops  should  be  made  in  as  short  a  distance  as 
consistent  with  smoothness,  or  to  such  a  degree  that  the  shocks 
would  not  be  injurious  to  cattle  or  other  live  stock  if  carried  on 
such  a  train.  These  were  called  service  stops,  although  not 
strictly  so,  as  in  regular  practice  a  definite  point  is  decided  upon 
at  which  the  train  must  be  brought  to  rest  at  a  station;  while  in 
these,  the  train,  after  the  brakes  were  applied,  was  allowed  to 
seek  its  own  stopping-place. 

This  would  involve  a  somewhat  different  application  of  the 
brakes,  as  in  one  case  the  brakes,  after  being  once  applied,  re- 
main on  continuously,  while  in  ordinary  practice  the  brakes  are 
often  released  and  applied  again  more  than  once  in  making  a 
stop,  especially  when  stopping  for  coal  or  water.  This  differ- 
ence was  more  prominently  demonstrated  in  the  test  of  retarding 
the  train  from  20  miles  per  hour  when  going  down  grade, 
especially  in  the  AVestinghouse  brake. 

It  may  be  stated  that  the  dynamometer  car  at  the  front  of  the 
train  contained  an  instrument  carrying  a  roll  of  paper  moviug 
across  the  car,  so  geared  to  the  axle  that  a  movement  of  two  feet 
of  the  paper  corresponded  to  a  movement  of  the  train  of  one 
mile.  Above,  and  in  contact  with  the  paper,  were  five  pens. 
One  was  connected  by  levers  to  a  spring  attached  to  the  draw- 
bar, the  movement  of  the  pen  being  at  right  angles  to  the  move- 
ment of  the  paper,  and  so  graduated  that  a  movement  of  one  inch 
either  side  of  a  datum  line  indicated  a  thrust  or  tension  of  6,000 
pounds.  The  second  pen  made  the  datum  line  in  the  center  of 
the  paper.  The  third  pen  was  attached  to  the  armature  of  a 
magnet,  and,  by  wires  attached  to  a  clock  in  the  car,  was  caused 
to  move  side  wise  from  its  path  each  five  seconds;  and  thus,  by  a 
scale,  the  speed  could  be  measured  between  any  two  of  these 
marks.  The  fourth  pen  was  also  attached  to  a  magnet,  and  a 
wire  was  run  to  the  side  of  the  car  and  to  a  button,  so  that  an 
operator,  watching  the  mile-posts  as  they  passed,  could,  by 
touching  the  button,  make  a  sidewise  movement  of  the  pen  sim- 
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ilar  to  the  five  seconds  marks.  A  wire  was  also  run  from  this 
magnet  to  the  engine,  so  that  an  observer,  standing  beside  the 
engineer,  could,  by  touching  a  button,  indicate  on  the  paper  the 
moment  when  the  brakes  were  applied.  The  fifth  pen  was  also 
attached  to  a  magnet,  and  was  operated  by  pins  on  a  gear-wheel 
driven  from  the  axle,  the  pen  being  moved  sidewise  once  every 
16  feet  of  movement  of  the  train. 

In  the  autographic  car,  which  was  always  in  the  center  of  the 
train,  was  an  instrument  having  a  roll  of  paper  moved  by  gear- 
ing connected  to  the  axle  of  the  car,  but  moving  a  much  less 
distance  per  mile  of  movement  of  the  train  than  in  the 
dynamometer  car. 

Attached  to  one  of  the  brake  levers  under  the  car  was  a  rod 
carrying  a  pencil,  which  had  a  movement  at  right  angles  with 
the  paper,  its  movement  being  reduced  so  that  the  pressure  on 
the  brake  lever  could  be  recorded  similar  to  the  thrust  on  the 
draw-bar  at  the  dynamometer  car.  This  indicated  the  pressure, 
as  before  stated,  on  the  brake  beam  on  the  center  of  the  train, 
and  the  length  of  time  or  the  proportion  of  distance  which  the 
brake  was  applied,  during  or  when  making  the  stop. 

At  the  rear  end  of  the  train,  on  the  rear  end  of  the  car  in 
front  of  the  way  car,  were  placed  three  gauges,  one  indicating  the 
pressure  or  vacuum  in  the  train  pipe,  one  the  pressure  or  vacuum 
in  the  auxiliary  reservoir,  and  the  third  indicating  the  pressure 
or  vacuum  in  the  brake  cylinder  or  diaphragm.  These  gauges 
were  placed  on  the  rear  end  of  the  rear  car,  so  that  they  could 
be  seen  by  an  observer  at  the  front  end  of  the  way  car  through 
a  window  provided  for  that  purpose. 

The  diagrams  recorded  in  the  autographic  car  were  some  of  the 
most  important  of  all  taken,  as  these  show  the  actual  amount  of 
force  exerted  against  the  break  beam  at  the  center  of  the  train; 
and  assuming  that  the  brake  beam  at  the  car  on  the  front  of  the 
train  received  the  maximum  amount  of  force,  then  any  decrease 
from  that  as  shown  on  the  middle  car  would  indicate  the  prob- 
able continuous  reduction  throughout  the  whole  length  of  the 
train,  and  a  reasonable  conclusion  might  be  formed  as  to  the 
amount  of  brake  beam  force  exerted  at  the  last  car.  This  infor- 
mation  is   of   consecpaence,  as  showing  on  how  many  cars  the 
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brakes  under  trial  could  act  effectively,  or,  in  other  words,  the 
length  of  a  train  would  be  limited,  so  far  as  these  brakes  were 
concerned,  to  the  number  of  cars  on  which  they  would  act  effect- 
ively, and  yet  be  in  such  a  condition  that  the  brakes  under  the 
whole  length  of  the  train  would  be  applied  in  case  the  train 
should  break  in  two.  These  brakes  may  be  applied  throughout 
the -length  of  any  train  so  long  as  a  sudden  reduction  of  pressure 
to  the  extent  of  about  3  pounds  can  be  obtained;  and  when  the 
length  of  the  train  pipe  reaches  a  point  when  the  sudden  is 
changed  to  a  gradual  reduction,  then  the  triple  valve  ceases  to 
be  acted  upon  and  the  brake  at  that  point  is  of  no  use. 

In  the  train  pipe  of  the  Westinghouse  brake  an  average  pres- 
sure of  65  pounds  was  carried;  and  when  this  was  reduced  to 
nothing  suddenly  at  the  engine,  the  triple  valves  nearest  that 
point  would  be  acted  upon  the  quickest,  giving  the  greatest 
movement  and  largest  opening  or  communication  between  the 
auxiliary  reservoir  and  brake-cylinder;  but  as  the  distance  from 
the  engine  increased,  the  suddenness  of  the  release  would  decrease 
until  a  point,  as  before  stated,  would  be  reached,  when  the  re- 
duction of  pressure  would  be  so  gradual  that  the  triple  valves 
would  cease  to  be  acted  upon,  and  beyond  which  no  brakes 
would  be  applied. 

It  has  been  before  stated  that  when  the  brakes  were  applied 
with  full  force,  that  is,  the  release  of  the  air  in  the  train  pipe  was 
as  rapid  as  practicable,  the  stop  was  so  sudden  that  it  was 
destructive  to  the  strongest  cars  on  trial,  and  that,  in  conse- 
quence, it  was  decided  to  make  the  stops  in  such  time  and  dis- 
tance that  the  shocks  would  not  be  injurious  to  live  stock,  or 
that  fragile  goods  be  damaged.-  To  accomplish  this  necessitated 
a  partial  application  of  the  brakes,  and  therefore  required  a  less 
sudden  release  of  air  from  the  train  pipes.  About  the  least  sud- 
den reduction  of  pressure  required  to  operate  the  triple  valves 
is  about  3  pounds;  so.  in  order  to  set  the  brakes  on  the  last  or 
rear  car  of  a  train,  the  sudden  reduction  of  train  pipe  pressure 
at  that  point  must  be  3  pounds,  and  this  will  move  the  triple 
valve  so  as  to  partially  open  communication  between  the  aux- 
iliary reservoir  and  brake-cylinder,  and  make  a  partial  applica- 
tion of  the  brakes.     Understanding  this,  we  must  conclude  that 
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in  any  length  of  train,  with  the  brakes  under  trial,  the  brakes 
will  be  applied  with  greater  force  at  the  front  of  the  train;  and 
if  all  the  triple  valves  move  equally  free,  there  will  be  a  gradual 
reduction  of  brake -shoe  pressure,  from  the  front  to  the  rear,  de- 
pending somewhat  upon  the  time  in  making  the  stop  as  to  the 
proportionate  distance  in  which  the  rear  brakes  are  acting. 

It  seems  plain,  therefore,  in  making  stops  in  regular  sen-ice 
where  the  application  of  the  brakes  must  be  necessarily  light,  the 
reduction  of  train  pipe  pressure  at  the  engine  will  be  so 
small  that  the  sudden  diminution  of  pressure  will  pass  into 
gradual,  not  far  away;  and  at  any  point  where  this  is  the  case 
and  the  triple  valve  ceases  to  act,  the  excess  of  pressure  in  the 
auxiliary  reservoir  must  return  again  into  the  train  pipe  and  be 
wasted;  and  not  only  this,  but,  to  still  further  graduate  the  re- 
ducing pressure  in  the  train  pipe. 

That  these'conclusions  must  be  correct  will  be  seen,  when  it  is 
known  that  in  making  an  emergency  stop  with  a  train  of  50  cars, 
and  a  speed  of  20^  miles  on  a  level,  the  distance  run  in  making 
the  stops  was  351  feet,  and  the  time  54  seconds,  and  that  the 
average  effective  force  on  the  brake  lever  at  the  center  was  only 
about  2  per  cent  of  the  maximum  required  to  equal  the  weight  of 
the  car. 

The  diagrams  taken  show  that  the  pressure  on  the  brake  beam 
at  the  center  of  the  car  only  commenced  to  be  applied  during  the 
last  one-eighth  of  the  distance  run  in  making  the  stop.  As  the 
speed  increased,  and  the  time  and  distance  also,  the  diagrams 
show  the  same  characteristic  features.  In  a  stop  with  the  same  train 
of  50  cars,  with  a  speed  of  43  miles  per  hour,  the  distance  run  in 
making  the  stop  was  1104  feet  and  the  time  43  seconds.  The 
diagram  shows  that  the  pressure  commenced  to  act  on  the  brake 
beam  when  20  per  cent,  of  the  distance  had  been  passed  over  and 
that  the  average  pressure  was  about  20  per  cent,  of  the  maxi- 
mum required  to  equal  the  weight  of  the  car. 

These  were  emergency  stops,  where  the  brakes  were  applied 
full  force. 

In  a  service  stop  on  a  level,  with  speed  of  20^  miles  per  hour, 
the  distance  in  stopping  was  608  feet  and  time  26  seconds.  The 
diagram  shows  that  the  pressure  was  being  applied  during  23 
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per  cent,  of  the  distance,  aud  that  the  maximum  pressure  reached 
was  21  per  cent.,  and  the  mean  pressure  a  little  more  than  2  per 
cent,  of  the  maximum  required  to  equal  the  weight  of  the  car. 
In  a  stop  with  speed  at  41  miles  per  hour,  the  distance  run  was 
1,787  feet  in  making  the  stop,  and  the  pressure  was  being  ap- 
plied during  63  per  cent,  of  the  distance,  the  maximum  pressure 
being  53  per  cent,  and  the  mean  20  per  cent,  of  the  maximum 
required  to  equal  the  weight  of  the  car. 

In  the  test  with  a  train  of  50  cars  going  down  grade,  where 
the  speed  was  to  be  reduced  from  20  to  15  miles,  where  a  gentle 
application  of  the  brake  was  required,  the  sudden  reductions 
were  about  three  pounds  on  the  engine .  It  is  not  known  just  how 
far  along  the  train  the  brakes  were  applied,  as  no  pressure  was 
indicated  on  the  diagram  paper  in  the  center  car,  so  that  more 
than  one-half  the  brakes  were  not  acting.  That  the  pressure 
was  being  gradually  reduced  in  the  train  pipe  and  auxiliary  res- 
ervoirs was  shown  by  the  gauges  on  the  rear  car,  which  showed 
a  diminution  of  pressure  from  62  to  37  pounds,  the  pressure  in 
the  auxiliary  reservoir  diminishing  with  the  pressure  in  the  train 
pipe.  This  action  shows  that  the  shorter  the  train  pipe  the  more 
prompt  will  action  of  the  triple  valves  be,  and  that  by  reducing 
the  length  of  the  train  pipe,  or  by  shnply  cutting  out  some  of  the 
rear  brakes,  in  long  trains  one-half,  a  more  effective  action  will 
be  had  of  the  remaining  brakes  in  communication  with  the  en- 
gine. As  the  cutting  out  of  the  rear  brakes  makes  them  value- 
less in  case  of  the  train  breaking  in  two.  it  would  be  the  safer 
plan  to  allow  all  the  brakes  to  be  connected,  although  at  the 
sacrifice  of  efficiency  and  large  waste  of  air  from  its  returning 
back  from  the  auxiliary  reservoirs  into  the  train  pipe  when 
making  service  stops  in  regular  work. 

In  addition  to  this  the  work  on  the  brake  shoes  and  wheels  is 
unequally  distributed,  and  there  is  a  corresponding  liability  of 
excessive  pressure  on  the  wheels  of  the  cars  next  the  engine, 
causing  them  to  slide  and  making  them  flat  in  spots. 

These  tests  show  the  necessity  of  making  some  improvement 
in  the  brakes  under  trial,  so  that  the  brakes  throughout  a  train 
may  be  applied  with  a  gradual  reduction  of  pressure  in  the  train 
pipe,  as  the  results  seem  to  point  to  an  impossibility  of  applying 
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these  brakes  gradually  or  with  an  equal  pressure  ou  each  brake 
beam,  when  the  admission  of  air  to  the  brake-cylinder  depends 
upon  a  suddeu  reduction  of  air  in  the  train  pipe. 

Although  this  paper  has  already  been  extended  much  beyond 
the  writer's  original  intention,  yet  but  one  feature  of  these  most 
elaborate  and  interesting  brake  trials  at  Burlington  has  been 
partially  touched.  The  many  points  of  important  information 
will  no  doubt  be  thoroughly  discussed  by  the  railroad  commu- 
nity in  particular  and  the  engineering  profession  in  general 
when  the  Committee  from  the  Car  Builders'  Association  shall 
have  completed  their  labors  and  made  their  report  on  these  tests 
of  unparalleled  magnitude. 
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MINUTES  OF  MEETINGS. 

REGULAR    IIEETIXG. 

June  4,  1886. 
Mr.  Dickie  in  the  chair. 

The  Chairman  announced  that  the  discussion  on  the  subject 
of  -'The  Appointment  of  a  Board  of  Public  Works  by  the  Gov- 
ernment." 

Mr.  Wagoner  moved  that  the  matter  be  postponed  for  one 
month,  in  view  of  the  small  attendance  at  the  meeting.  Mr. 
Wagoner  withdrew  his  motion. 

Mr.  Blunt  was  invited  to  speak,  and  stated  that  the  purpose 
of  the  Central  Committee  is  to  obtain  the  appointment  of  a 
Board  of  Public  Works,  but  the  appointment  of  committees  by 
different  societies  does  not  commit  the  said  societies  to  any  defi- 
nite course.     The  object  is  at  present  to  agitate  the  question. 

Remarks  were  made  by  Mr.  Wagoner,  Mr.  Vischer,  and  the 
chair. 

The  Secretary  read  a  printed  address  from  the  Executive 
Board  of  the  Council  of  Engineering  Societies. 
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The  Secretary  was  instructed  to  communicate  with  the  Secre- 
retary  of  the  Council  in  regard  to  the  question. 


REGULAR    MEETING. 

July  2,  1886. 

The  meeting  was  informal,  not  being  called  to  order,  and 
the  minutes  not  being  read. 

Mr.  Gardner  F.  Williams  gave  a  verbal  description  of  the  gold 
fields  and  diamond  mines  of  South  Africa,  with  the  methods  of 
working,  and  exhibiting  specimens  from  the  mines. 


REGULAR    MEETING. 

August  6,  1886. 

In  the  absence  of  the  President  Mr.  Bowie  was  called  to  the 
chair. 

Mr.  Gutzkow  described  verbally  an  apparatus  for  determining 
the  loss  of  quicksilver  in  working  quicksilver  ores.  A  discussion 
ensued  on  the  subject  of  condensation  of  mercurial  fumes. 

A  letter  was  received  from  John  Eisenmann,  Secretary  of  the 
Executive  Board  of  Council  of  Engineering  Societies  on  National 
Public  Works,  in  answer  to  questions  sent  by  the  Technical  So- 
ciety. On  motion  the  letter  was  referred  to  the  Committee  on 
Board  of  Public  Works. 


REGULAR    MEETING. 

September3,  1886. 

In  the  absence  of  the  President  and  Vice-President  Mr.  E.  J. 
Molera  was  called  to  the  chair. 

Hans  C.  Behr  acted  as  Secretary  pro  tern. 
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W.  W.  Hanscom  read  a  paper  entitled  "Air  Brake  Teats," 
giving  an  account  of  the  recent  trials  of  automatic  brakes  at 
Burlington,  Iowa.  He  stated  that  the  full  reports  of  the 
trials  would  be  published  in  about  a  year.  A  short  discussion 
ensued  as  to  the  cause  of  the  loss  of  pressure  described  by  Mr. 
Hanscom. 

Mr.  Bowie  read  a  letter  from  the  President  and  Secretary  of 
the  Executive  Committee  of  the  Council  of  Engineering  Societies 
on  National  Public  Works,  asking  the  views  of  the  Society. 

Mr.  Manson,  of  the  committee  appointed  by  the  Technical 
Society,  made  a  statement  as  to  the  status  of  the  matter. 

On  motion  of  Mr.  Bowie  seconded  by  Mr.  Percy,  it  was  de- 
cided to  discuss  the  question  at  the  next  meeting. 

Mr.  Manson  thought  the  members  should  make  it  a  point  to 
be  present  at  the  October  meeting,  and  discuss  the  question  of 
joining  in  the  movement  referred  to. 


REGULAR    MEETING. 

October  2,  1886. 

A  quorum  not   being  present,  the  meeting  was  not  called   to 
order,  and  no  business  was  transacted. 
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THE    HIGH    PRESSURE    HYDRAULIC    SYSTEM    OF 

DISTRIBUTING    POWER    IN    CITIES,    WITH 

SOME  REMARKS  ON  OTHER   METHODS. 

By  J.  RICHARDS,  Mem.  Tech.  Soc. 
Read  November  5,  1886. 


GENERAL    REMARKS. 


The  distribution  of  motive  power  in  cities  has  for  many  years 
past  been  considered  in  a  vague' kind  of  way.  Central- 
ization, it  was  well  known,  had  great  advantages  over  a 
diffusion  of  small  motors,  and  the  principle,  to  so  call  it,  that 
laid  at  the  bottom  has  had  general  recognition  and  acceptance, 
and  had  the  subject  been  earlier  treated  in  a  plain  matter-of-fact 
sort  of  way,  there  is  no  doubt  that  it  would  now  have  a  wide 
application. 

Instead  of  this,  the  subject  has,  until  very  recently,  been 
looked  upon  as  one  embodj'ing  new  aud  untried  inventions  and 
as  a  system  that  had  to  be  discovered  in  all  of  its  essential  fea- 
tures. The  novelty  of  application  was  mistaken  for  a  novelty  of 
means,  and  this  idea  was  promoted  by  those  who  had  patents  or 
plans  for  special  methods. 

The  Steam  Power  Company  of   New  York  is  an  illustration. 
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This  company,  one  of  the  only  ones  for  distributing  power  that 
has  failed,  was  based  upon  the  inventions  and  plans  of  one  man, 
and  he,  instead  of  employing  ordinary  well  known  means  and 
calling  in  the  counsel  and  assistance  of  competent  men  and  me- 
chanics, proceeded  on  the  assumption  of  having  discovered  new 
and  better  methods  and  that  the  system  called  for  something 
different  from  common  and  well  proved  practice. 

The  first  company  failed,  as  we  all  know,  losing  a  large  invest- 
ment; so  also  various  other  companies  organized  on  the  same 
method,  and  while  this  failure  of  the  "Holly  system,"  as  it  was 
called,  has  to  a  great  extent  deterred  the  American  people  from 
entering  upon  power  distribution,  there  has  been  something  done 
and  with  uniform  success  I  believe,  except  in  the  case  named. 

During  five  years  past,  power  distribution  has  fallen  into  dif- 
ferent hands.  Practical  business  men  and  engineers  of  known 
ability  have  taken  it  up,  and  it  has  been  removed  from  the  field 
of  speculation  and  discovery  to  become  a  sober  and  important 
fact  among  useful  industries. 

Steam  as  an  agent  of  transmission  has  been  abandoned,  except 
under  certain  conditions  to  be  hereafter  noticed,  but  the  princi- 
ple of  distribution  was  not  dependent  on  steam,  except  where 
heat  as  well  as  power  was  required.  Other  and  better  means 
h;ive  been  adopted,  and  as  before  said,  a  different  class  of  people 
have  taken  up  the  matter. 

It  will  be  quite  impossible  to  include  notice  or  even  mention 
here  of  all  the  various  schemes  in  progress  or  in  use  at  the  pres- 
ent time,  nor  is  it  necessary,  the  purpose  being  merely  to  offer 
some  explanation  and  comments  on  the  high  pressure  hydraulic 
system,  with  such  notice  of  other  methods  as  will  be  required  for 
comparison. 

In  1868,  the  writer  published  in  the  Journal  of  the 
Franklin  Institute,  Philadelphia,  an  article  on  the  "Centralization 
of  Motive  Power,"  which,  so  far  as  he  knows*  was  one  of  the  first 
wherein  the  broad  idea  of  power  distribution  was  suggested. 
Since  that  time,  he  has  watched  the  subject  continually,  and 
noted  with  interest  the  progress  made  in  that  direction.  That 
was  but  a  short  time  ago,  but  long  enough  to  precede  many 
wonderful  discoveries  and  additions  to  science  and  art  that  have 
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a  bearing  on  the  matter.  Electricity  and  natural  gas,  and  also 
the  distribution  of  manufactured  gas  as  fuel,  may  be  named. 
In  hydraulics  and  pneumatics  also  there  have  been  many  and 
important  changes,  all  tending  to  render  power  distribution 
more  inevitable. 

In  London  and  Hull,  in  England,  and  in  Portland,  Oregon, 
this  country,  have  been  erected  works  for  generating  and  dis- 
tributing power  by  hydraulic  means,  and  in  Paris,  France,  and 
Birmingham,  England,  works  nave  been  erected  for  similar  pur- 
poses, operating  with  air  as  the  transmitting  medium.  Some  of 
the  principal  facts  connected  with  these  enterprises  will  be  given 
iu  a  future  place. 

METHODS    OF    DISTEIBXJTING    POWEft. 

The  different  methods  now  in  use  for  distributing  power  are 
steam,  compressed  air — water — and  direct  gearing,  such  as  ropes, 
bands,  shafts  and  links.  To  these  must  soon  be  added,  if  not 
now,  electricity  and  combustible  gas. 

Each  of  these  systems  are  different  in  their  nature,  and  have 
special  adaptations  to  various  objects,  which  will  be  only  briefly 
noticed  here,  the  purpose  being  to  consider  them  only  so  far  as 
transmitting  power  to  drive  manufacturing  and  hoisting  ma- 
chinery in  cities — the  first  and  main  object  of  all  systems  of  the 
kind. 

Steam  transmission  is  one  of  power  and  heat.  Air  one  of 
power,  ventilation,  and,  to  some  extent,  temperature.  Elec- 
tricity one  of  power  and  light;  while  gas  comprises  power,  heat 
and  light.  The  hydraulic  system  is  confined  to  power  transmis- 
sion alone. 

Steam. — In  respect  to  steam  transmission,  its  merits  and  adap- 
tation to  general  purposes  can  be  summed  up  in  the  remark  that  if 
it  were  a  suitable  means  for  general  distribution  it  would  long  ago 
have  come  into  use.  Its  conveyance  requires  only  simple  pipes, 
such  as  any  engineer  will  contrive.  It  is  always  conveyed 
a  longer  or  shorter  distance  from  the  place  of  generation,  and 
there  is  continued  effort  going  on  to  extend  this  distance;  so  we 
may  fairly  conclude,  as  before  said,  that  the  commercial,  if  not 
the  practical  limit,  has  been  reached. 
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The  difficulties  to  be  met  with  in  steam  distribution  are  easy 
to  discern.  It  is  essentially  a  system  of  heat  distribution,  and 
heat  is  too  subtle  an  element  to  be  confined  and  conveyed  in 
pipes.  It  escapes  through  walls  of  metal  more  readily  than 
through  a  stratum  of  air  of  equal  thickness,  and  its  expansive 
power  is  gone,  for  ordinary  working  purposes,  at  a  temperature 
of  280  degrees  or  at  50  lbs.  of  pressure.  Condensation  is  con- 
tinually going  on,  and  in  such  apparatus  for  conveyance  as  is 
generally  provided,  amounts,  in  long  distances,  to  more  than 
the  energy  transmitted.  There  is  in  this  city  one  case  of  trans- 
mission for  a  distance  of  400  feet  only,  where  the  liquefaction  is 
double  the  work — that  is,  two-thirds  are  lost;  the  pipes  are 
underground,  and  are  repaired  at  least  six  times  each  year. 

I  am  well  aware  of  the  very  economical  transmission  of  steam 
sometimes  attained,  or  reported  at  least,  but  it  is  almost  useless 
to  consider  the  method  outside  of  such  means  as  ordinary  prac- 
tice provides. 

There  is  also  the  objection  of  danger  inseparable  from  the 
confinement  at  high  tension  of  an  elastic  gas  with  a  temperature 
of  300  degrees.  A  fact  that  had  unfortunate  demonstration  in 
New  York,  where  the  interdiction  of  the  system  was  mainly  on 
the  grounds  of  danger  from  explosion. 

There  are  besides  other  impediments,  such  as  the  expansion 
and  contraction  of  pipes,  the  high  temperature  at  motors,  and 
the  skill  required  in  their  care. 

Some  years  ago,  when  acting  as  engineer  for  a  power-distrib- 
uting company  in  this  city,  where  we  had  about  1,000  feet  of 
distributing  pipes,  and  supplied  steam  to  five  or  six  consumers, 
I  carefully  observed  all  the  facts,  economical  and  mechanical, 
and  after  two  years'  of  such  observation,  reported  against  the 
expediency  of  extension.  I  devised  means  of  equalizing  and 
controlling  pressure  and  detecting  waste,  also  for  measuring 
the  amount  of  steam  consumed,  but  found  such  apparatus  could 
not  be  maintained  in  such  a  limited  case,  where  there  was  want- 
ing a  system  of  inspection  and  control.  I  have  no  confidence 
in  the  system  beyond  such  distances  as  are  continually  in  view 
and  control,  and  where  the  areas  exposed  to  radiation  are  too 
limited  to  cause  serious  loss. 
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Air  transmission. — Air,  as  a  means  of  transmitting  power,  has 
had  wide  application  in  various  countries  during  twenty  years 
past,  so  the  capabilities,  merits  and  faults  of  the  method  are 
now  very  well  understood.  The  loss  by  transmission,  or,  by 
compression  and  expansion,  is  from  45  to  55  per  cent.,  and  this 
on  ecomonic  grounds,  places  the  system  at  great  disadvantage. 

"When  air  is  suddenly  compressed,  the  tension  of  the  reduced 
volume  is  due  in  part  to  the  mechanical  force  applied,  and  partly 
to  heat,  the  smaller  volume  containing  nearly  the  same  amount 
of  heat  the  greater  one  did.  It  is  therefore  evident  that  so 
much  of  the  tension  or  pressure  as  is  due  to  heat,  had  to  be 
overcome  by  the  compressing  power;  and  as  this  heat  soon  passes 
off  by  radiation  the  force  it  represented  is  lost. 

The  same  thing  occurs  in  lowering  the  pressure,  or  in  giving  off 
power.  The  temperature  of  the  air  falls  by  expansion,  and  its 
effective  volume  is  reduced  accordingly,  so  the  loss  is,  as  before 
stated,  leaving  only  45  per  cent,  or  so  for  working  effect.  This 
loss  can  be,  and  is,  to  a  great  extent  avoided,  by  cooling  the  air 
during  compression  by  well-known  methods,  but  in  the  best 
examples  that  can  be  referred  to,  as  at  Mont  Cenis;  also  the 
Birmingham  and  Paris  companies,  hereafter  to  be  referred  to, 
the  power  utilized  is  much  as  before  stated. 

There  are  other  impediments,  such  as  freezing  at  the  point 
of  discharge  when  the  pressure  is  high,  the  difficulty  of  detect- 
ing leaks  and  waste  without  color  or  odor  to  indicate  them, 
and  the  want  of  lubricating  properties  in  piston  motors  or  other 
machines  for  giving  off  power. 

These  things  have  not  however  deterred  engineers  and  invest- 
ors from  projecting  and  laying  down  extensive  plants  in  Paris, 
France,  and  at  Birmingham,  England.  These  plants  are  on 
very  different  methods,  but  in  both  cases  have  been  carefully 
considered,  and  there  have  been  included  in  the  estimates,  all 
losses  that  are  computable. 

The  company  at  Birmingham  proposes  to  employ  a  positive 
pressure  of  50  to  60  lbs.  above  the  atmosphere,  and  to  substi- 
tute air  for  steam  in  the  case  of  hundreds  of  small  steam 
engines  scattered  throughout  the  denser  part  of  this  great  man- 
ufacturing city. 
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The  loss  of  50  per  cent,  or  so  in  transmission  from  the  main 
engines  will  be  mainly,  perhaps  wholly,  compensated  by  the 
waste  unavoidable  from  generating  steam  in  numerous  small 
steam  boilers,  their  deterioration  in  value,  and  in  risk,  while  an 
ample  margin  for  profit  will,  it  is  supposed,  be  found  in  the 
room  saved,  reduced  insurance  rates,  the  expense  of  firing,  and 
the  greater  steadiness  and  constancy  of  the  centralized  power. 
Provision  has  been  made  for  10,000  H.P. 

The  system  in  Paris  is  altogether  different.  A  negative  pres- 
sure or  partial  vacuum  of  from  10  to  12  pounds  is  employed,  the 
air  flowing  inward  to  the  central  station.  The  reasons  for 
adopting  this  method  are,  as  in  the  case  of  Birmingham,  to  be 
found  in  peculiar  local  conditions  of  use.  They  are  not  in  any 
sense  rival  methods  for  the  same  purpose. 

Any  one  well  acquainted  in  Paris  knows  there  are  thousands  of 
small  shops  in  nearly  all  parts  of  the  city  where  power  is  required, 
generally  only  a  small  amount,  and  commonly  supplied  by  hand 
machinery.  The  power  is  required  by  jewellers,  hatters,  wood 
and  ivory-turners,  cloth-workers,  machinists,  and  so  on;  gen- 
erally from  one-fourth  to  one  horse  power  in  each  case. 

The  company  propose  to  supply  this  want  by  pneumatic  en- 
gines of  simple  construction,  which  are  rented  with  the  power 
and  air,  and  are  included  in  the  charges  made.  The  charge  is 
about  50  cents  an  hour  for  each  horse  power,  which  seems  very 
high  when  compared  with  rates  here  for  larger  amounts  of 
power  generated  by  steam  engines;  but  when  only  one-fonrth 
of  a  horse  power  is  emplo3red,  SI. 25  per  diem  seems  reasonable 
enough  for  Paris. 

These  rates  will  no  doubt  be  much  reduced,  because  the  first 
ten  months'  run  showed  a  profit  of  100  per  cent.,  exclusive  of 
interest  and  deterioration.  The  first  power  sent  out,  or 
"  brought  in,"  rather,  was  in  June  of  last  year.  In  April  last 
the  company  had  72  subscribers,  and  had  received  210  applica- 
tions for  power. 

I  may  mention  that  the  negative  system  is  adopted  to  pre- 
vent sending  questionable  air  into  close  rooms,  the  low  pressure 
to  avoid  freezing,  to  better  guard  against  leaks,  and  perhaps 
other  reasons  I  am  not  acquainted  with. 
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Mechanical  Transmission. — In  this  term  is  included  ropes, 
bands,  shafts,  links,  and  so  on,  all  familiar  expedients,  to  which 
may  be  applied  the  same  rule  as  in  the  case  of  steam,  namely, 
not  involving  new  discovery,  they  have  no  doubt  reached  the 
limits  of  profitable  application. 

For  a  time  wire  rope  transmission  gave  promise  of  conveyance 
at  long  distances,  but  careful  observation  at  Schaff  hausen,  on 
the  Upper  Rhine,  in  Germany,  and  at  the  talis  of  the  Rhone,  in 
France,  has  furnished  all  required  data  for  determining  limits 
for  the  system.  Room,  expansion  and  contraction,  abrasive  wear, 
numerous  lubricated  bearings,  air  friction  soon  balance  the  com- 
parative saving. 

The  writer  was  impressed  with  what  may  be  called  the  link 
system,  seen  at  the  Isle  of  Man,  during  a  recent  visit  there. 
The  power  from  the  celebrated  Laxa  water-wheel  is  conveyed  a 
thousand  feet  or  more  horizontally  before  descending  the  mines 
by  links,  or  pump-rods  they  might  be  called,  having  a  stroke  of 
20  feet  or  more,  the  ends  or  joints  being  carried  on  trucks  run- 
ning on  T  rails  apparently  with  a  minimum  of  friction.  It  has 
of  course  no  more  than  the  old  pump-rod  system  except  as  to  its 
horizontal  position  and  being  above  ground. 

I  am  of  the  opinion  that  among  the  various  means  of  mechan- 
ical transmission,  shafts  properly  arranged  can  claim  the  first 
place.  With  the  present  methods  of  lubrication,  pivoted  bear- 
ings, and  clamping  connections,  steel  shafts  of  small  diameter 
and  driven  at  a  high  speed,  especially  when  laid  under  ground, 
can  be  extended  for  long  distances  with  but  little  loss  of  power 
or  risk  of  detention.  Torsion,  and  consequent  irregularity  of 
motion  of  course  fix  a  limit  for  shafts,  and  I  am  not  speaking  of 
them  as  a  method  of  general  transmission,  but  in  comparison 
with  ropes,  bands  and  steam  pipes. 

Gas  Transmission. — It  is  only  very  recently  that  combustible 
gas  could  have  been  considered  among  means  for  power-transmis- 
sion. The  idea,  for  it  is  little  more  at  this  time,  has  grown  out 
of  the  natural-gas  system  of  the  Pittsburg  district.  It  is  true, 
there  has  been  for  a  long  time  more  or  less  done  in  the  use  of 
illuminating  gas  burned  in  explosive  engines,  but  in  that  form 
it  has  not  reached  the  position  of  a  fuel  "laid  on,"  as  it  doubt- 
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less  will  in  future.  If  the  three  functions  of  fuel,  light  and 
power  can  be  combined  in  this  mobile  medium,  flowing  almost 
without  pressure  in  cheap  pipes,  it  will  go  far  to  meet  the  require- 
ments of  power  distribution  in  cities,  but  must  always  be  open  to 
the  serious  objections  that  apply  to  expansive  engines  as  motors, 
namely,  heat,  danger,  complication,  and  the  amount  of  detail  re- 
quired to  apply  the  power.  In  Pittsburg,  the  effect  is  already 
noticeable  in  numerous  small  engines  fired  by  means  of  natural 
gas  and  applied  to  new  purposes.  I  may  also  mention  the  fact 
that  these  small  steam  motors  seem  to  have  attracted  attention  to 
hydraulic  motors  for  the  same  or  analagous  purposes,  and  so  far 
as  I  could  learn,  the  water  machines  were  thought  preferable. 

Electrical  Transmission. — The  reconversion  of  electrical  en- 
ergy into  dynamic  force  or  work  has  not  made  the  progress  that 
was  for  a  time  expected,  and  it  is  difficult  at  this  time  to  conjec- 
ture what  the  future  may  bring  forth.  Electricians,  for  some  rea- 
son seem  to  avoid  a  conversion  of  their  terms  into  foot-pounds 
and  horse-power,  and  it  is  with  some  difficulty  one  learns  the 
dynamic  value  or  monev  value  of  the  amount  of  power  that  can 
be  transmitted  and  applied  by  a  second  motor. 

This  I  construe  as  a  significant  fact  in  electrical  scienca,  be- 
cause, if  electricians  could  see  "  hope  and  promise"  of  power- 
transmission  by  electrical  means,  they  would  long  ago  have 
established  a  system  of  terms  and  values  concurrent  with  those 
employed  in  dynamics. 

Omitting  a  few  exceptional  cases,  I  think  the  present  value  of 
power  transmitted  is  only  40  to  45  per  cent.  I  regret  the  loss 
of  some  interesting  notes  respecting  some  French  practice  in 
electrical  transmission  where  a  much  higher  duty  was  claimed. 

Hydraulic  Transmission. — This  brings  us  to  the  main  subject 
of  the  present  paper,  and  to  that  method  of  distributing  power 
which,  to  again  use  Mr.  Tyndal's  words,  gives  "  hope  and 
promise  "  of  the  greatest  success,  one  which  has,  so  far  as  I 
know,  no  failures  to  record  and  which  best  conserves  the  re- 
quirements for  distributed  power  in  our  cities. 

A  history  of  the  origin,  rise  and  progress  of  hydraulic  trans- 
mission would  be  of  interest,  and  in  place  here,  but  would  oc- 
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cupy  space  beyond  the  limits  of  the  paper,  and  it  must  suffice  to 
say  that  since  the  earliest  applications  in  the  north  of  England 
by  Darlington,  Sir  William  Armstrong,  and  others,  down  to  the 
latest  machines  of  Mr.  Tweddel,  the  art,  to  so  call  it,  has  been 
one  of  successful  progress.  I  must  also  include,  as  most  nota- 
ble of  all,  perhaps,  the  bold  applications  of  special  hydraulic 
transmission  in  San  Francisco. 

One  of  the  first  things  I  met  with,  after  coming  to  this  Coast, 
was,  perhaps,  the  most  important  hydraulic  machine  ever  con- 
structed. I  allude  to  the  immense  pumping  plant  made  by  the 
Risdon  Iron  Works,  in  1880,  for  the  Comstock  mines.  This  ma- 
chinery was,  no  doubt  seen  by  many  who  are  present,  and  I  am 
sure  every  one  regrets  the  very  small  amount  of  public  informa- 
tion that  exists  respecting  the  work.  It  is  creditable  to  the 
modesty  of  the  company,  as  it  is  a  loss  to  engineering  literature, 
that  drawings  and  descriptions  of  this  great  work  have  not  been 
preserved  in  public  form. 

Mr.  Moore  read  a  paper  on  the  subject  before  the  Society  of 
Engineers,  Glasgow,  and  had  the  honor  of  receiving  therefor  a 
special  gold  medal.  I  will  only  remark  respecting  this  machinery 
that  it  was  contracted  under  a  guarantee  of  successful  perform- 
ance, cost  a  quarter  of  a  million  of  dollars,  and  was  in  its  lead- 
iug  features  a  controversion  of  precedents  and  common  opinions. 

The  most  extensive  and  complete  application  of  hydraulic 
power  to  passenger  elevators  is  in  the  Palace  Hotel  in  this  city. 
The  most  extensive  application  of  what  is  known  as  the  Hastie 
system,  was  constructed  here,  also  at  the  Risdon  Iron  Works; 
and  the  most  simple  and  economical  system  of  commercial  ele- 
vators in  the  world  are  here  in  this  city,  to  a  great  extent  the 
result  of  Mr.  Milliken's  engineering  skill  and  efforts. 

With  this  much  digression,  I  will  point  out  that  water,  as  a 
medium  for  transmitting  power,  has  its  chief  feature  in  being 
non- elastic.  Its  action  is  positive  and  absolute,  more  so  than 
even  shafts  and  gearing.  Also  that  its  compressibility  is  far  less 
than  the  hardest  metals,  so  that  long  after  metallic  bearings 
have  reached  a  limit  of  pressure,  or  at  least  pressure  with  move- 
ment, water  remains  unaffected.  In  some  machinery  of  recent 
design,  the  working  pressure  is  4,500  pounds  to  each  inch  of 
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area,  a  force  far  exceeding  the  endurauce  of  hardened  steel  sur- 
faces under  movement. 

These  qualities  of  positive  movement,  sustaining  extreme  pres- 
sures, and  the  facility  with  which  movement  is  varied  by  a  simple 
change  of  area,  meet  so  many  requirements  in  modern  industrial 
art,  that  hydraulic  apparatus  now  seems  indispensable.  Its  sub- 
stitution of  multiplying  and  diminishing  gearing  alone  is  an  im- 
portant fact  in  modern  mechanics.  If  a  movement  of  one  hund- 
red feet  is  to  be  reduced  to  one  foot  and  the  intensity  increased 
according!}',  all  that  is  required  are  two  pistons,  one  of  twelve 
inches  diameter,  the  other  of  one  inch  diameter.  Friction  is  al- 
most eliminated.  There  is  no  noise,  heat  or  danger,  and  the  cost 
of  construction  is  not  much,  if  any  more,  than  for  a  simple  lever 
having  these  ratios  of  movement.  The  same  propositions  apply 
to  augmented  motion  as  in  the  case  of  high  pressure  hoists.  The 
hydraulic  kind  have  become  cheaper  than  any  other. 

I  will  also  point  out  the  function  of  water  as  an  abutment  to 
guard  against  return  movement.  A.ny  elastic  medium  employed 
under  pressure  becomes  a  source  of  danger  from  explosion  or 
release,  and  besides,  does  not  perform  the  function  of  abutment, 
so  desirable  in  hoisting  passengers  and  goods.  So  important  is 
this  last  named  matter  that  it  is  common  in  this  and  other  cities 
to  erect  steam  or  gas  engines  to  operate  hydraulic  apparatus 
which  is  placed  between  the  motive  power  and  the  hoist.  When 
one  estimates  the  amount  of  detail  such  an  arrangement  involves, 
they  can  see  the  value  attached  to  the  inflexible  water  abut- 
ment below  the  load. 

I  am  of  the  opinion,  judging  from  present  circumstances,  that 
it  will  be  only  a  short  time  until  there  are  high-pressure  hydrau- 
lic systems  in  all  of  our  large  cities.  The  range  of  adaptation, 
to  so  call  it,  has  been  so  extended  recently  that  general  use 
seems  inevitable.  In  London  there  was  at  first  no  thought  of 
employing  the  system  for  intense  pressures,  such  as  is  required 
in  punching  and  shearing  metal,  pressing,  and  so  on,  The 
pressure  in  the  mains  was  only  700  pounds  to  an  inch.  It  was 
soon  discovered  that  for  higher  pressure  all  that  was  required 
was  differential  apparatus,  called  intensifiers,  between  the  mains 
and  the  work,  by  means  of  which  the  normal  pressure  of  700 
pounds  could  be  increased  to  5,000  pounds  if  necessary. 
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Another  and  still  more  important  discovery,  was  that  the 
high-pressure  could  be  reduced,  by  means  of  induc- 
tion nozzles,  so  as  to  be  employed  for  fire  extinc- 
tion— so  the  system  has  become,  so  to  speak,  a  vast 
fire  engine.  The  pressure  required  for  fire  purposes  is 
about  65  pounds  per  inch,  or  635  pounds  below  the  pressure  of 
the  mains  in  London  or  Hull.  The  fire  hydrants,  they  are 
called,  are  simple  ejectors  having  two  or  more  induction  nozzles 
by  which  the  higher  pressure  is  converted  to  volume  at  the 
lower  pressure.  This  feature  of  the  system  has  great  possibil- 
itiey,  and  may  prove  a  matter  of  the  greatest  importance  in 
cities  and  in  private  establishments.  I  am  of  the  opinion  that 
these  fire  appliances  now  in  use  are  susceptible  of  improvement, 
but  even  as  now  developed,  the  scheme  is  one  of  accomplished 
fact,  with  an  efficiency  far  exceeding  what  was  expected  or 
thought  possible. 

I  will  conclude  this  portion  of  my  paper  with  some  remarks 
upon   the   conversion   of     hydraulic  force  into  rotary   motion. 

This  problem  is  the  only  one  that  seems  to  stand  in  the  way 
of  hydraulic  power  distribution,  or  is  at  least  the  principal  one, 
if  we  include  -with  it  a  consumption  of  water  in  proportion  to 
the  power  given  off. 

For  rectilinear  motion  of  all  kinds  the  system  is  nearly  all 
that  can  be  desired.  The  loss  of  power  due  to  irregular  or 
varying  resistance  is  in  some  cases  avoided  by  mechanism  that 
varies  the  movement  as  the  resistance;  and  we  have  reason  to 
suppose  that  this  method  of  operating  will  be  further  improved 
in  future.  There  has  been  already  constructed  in  this  city 
heavy  hydraulic  winding-gear  for  mines,  wherein  the  volume 
of  water  consumed  varied  directly  as  the  resistance  or  load.  So 
the  objection  is  not  an  insuperable  one  in  so  far  as  reciprocating 
motions  are  concerned. 

By  rotary  motion,  I  mean  an  adaptation  to  various  manufac- 
turing uses,  especially  of  the  lighter  kinds,  such  as  occupying 
the  upper  floors  of  business  buildings  in  large  cities. 

For  the  accomplishment  of  this  purpose,  there  are  two  meth- 
ods and  two  classes  of  motors,  each  of  which  in  their  present 
state  are  practicable  and  reliable  under  certain  conditions.     One 
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is  the  Water  Engine,  with  reciprocating  pistons,  such  as  the 
Chandler  motor-mode  in  Boston,  the  Brotherhood  motor-mode  in 
London;  also  the  Hastie  and  Ramsbottom  engines  mode  in  Eng- 
land, with  many  others  that  might  be  named.  The  most  suc- 
cessful or  enduring  of  these  have  solid  pistons  or  plungers, 
working  through  packing  glands  without  metallic  contact  in  the 
water.  The  Chandler  and  Hastie  engines  are  so  arranged  that 
the  stroke,  and  consequent  consumption  of  water,  is  governed 
by  the  speed  in  one  case  and  the  load  in  the  other,  being  prac- 
tically the  same  thing. 

I  remember  three  years  ago,  when  Mr.  G.  W.  Dickie,  in  an- 
swer to  the  question,  "Is  there  at  this  time  any  reliable  hy- 
draulic motor  to  produce  rotary  motion  ?  "  answered  "No."  I 
think  at  the  present  time  he  would  add  a  qualification  at  least, 
the  improvements  in  this  short  time  having,  as  I  believe,  con- 
siderably altered  the  circumstances.  Sirpposing,  however,  that 
the  improvement  in  hydraulic  pressure  engines  does  not  reach 
present  "  hope  and  promise,"  we  have  the  jet,  or  impact  system, 
to  fall  back  upon.  This  method  of  working  has  reached  an 
extensive  development  on  the  Pacific  coast,  and  Mr.  Ross  E. 
Browne  of  this  city,  enjoys  the  distinction  oi  having  furnished 
data  respecting  such  wheels  that  has  since  passed  into  numer- 
ous text-books  in  this  and  other  countries,  showing  an  efficiency 
far  beyond  what  had  been  previously  supposed. 

I  am  of  the  opinion  that  this  method  of  using  water  to  pro- 
duce rotary  motion,  is  capable  of  refinement  and  a  much  wider 
adaptation,  including  control  of  volume  in  proportion  to  resist- 
ance— if  not  completely,  or  perfectly,  as  we  say,  still  within 
such  limits  as  will  prevent  any  considerable  waste. 

Supposing,  however,  that  such  regulation  be  found  impracti- 
cable, the  loss  in  driving  the  machinery  employed  in  light  man- 
ufactures, will  not  be  much,  and  the  percentage  of  power  trans- 
mitted and  applied  without  such  regulation  will  compare  favor- 
ably with  steam  or  the  pneumatic  system. 

I  will  now  close  my  paper  with  some  facts  pertaining  to  the 
hydraulic  plants  in  London  and  Hull.  It  was  the  intention  to 
have  included  a  notice  of  the  works  at  Portland,  Oregon,  but 
circumstances  have  prevented  an  intended  visit  there,  besides  I 
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have  learned  that  the  apparatus  of  distribution,  or  application, 
it  may  be  called,  is  substantially  the  same  as  that  employed  in 
this  city,  and  the  pressure  is  no  more  than  is  common  in  the 
service  of  this  and  other  cities,  obtained  by  common  direct  act- 
ing pumps,  constructed  here  by  Mr.  Dow,  who,  if  present,  will, 
no  doubt,  add  any  facts  of  interest  relating  to  the  Portland 
plant. 

THE    HULL    HYDRAULIC    WORKS. 

This  company  was  organized  in  1880,  for  supplying  power  to 
the  docks  and  warehouses  along  th«  water  front  for 
lifting  goods.  The  service  mains  are  two  miles  long. 
The  work  was  at  first  considered  of  an  experimental 
character,  and  was  carried  out  under  the  management 
of  Mr.  E.  B.  Ellington,  now  the  engineer  of  the  Lon- 
don Co.,  to  be  noticed  presently.  The  amount  of  water  sent  out 
is  156,000  gallons  a  day,  under  a  pressure  of  700  pounds  to  an 
inch.  The  mains  are  of  cast-iron,  6-inch  diameter,  with  flange 
connections.  The  leakage  in  the  whole  system  is  only  ten  gal- 
lons an  hour.  The  repairs  on  the  whole  plant  have  not  exceeded 
$150  a  year.  The  cost  of  raising  goods  is  from  one  to  one  and 
a  half  cents  per  long  ton  for  each  fifty  feet.  The  price  charged 
for  water  is  from  $1  to  $1.25  per  thousand  gallons,  the  gallon 
being  rated  at  ten  pounds.  The  efficienc}'  of  the  compressing 
engines  is  76  per  cent.,  and  that  of  the  hoists  is  in  weight  lifted 
45  per  cent,  of  the  indicated  engine  power.  The  successful 
working  of  this  plant  induced  the  organization  of  the  London 
Co.  on  a  more  extended  scale. 

THE    LONDON    HYDRAULIC     POWER    CO. 

This  company  was  registered  in  1882.  In  two  years  later  the 
mains  in  use  were  14  miles  long.  The  water  is  filtered  and  sent 
out  at  a  pressure  between  700  and  800  pounds  to  an  inch.  It  is 
measured  by  meters  furnished  and  kept  in  repair  by  the  com- 
pany for  an  annual  rental  of  $5  each. 

The  company,  if  required,  furnishes  machinery  of  any  kind 
for  hoisting,  receiving  a  rental  for  it,  or  selling  it  on  the  install- 
ment plan,  if  a  consumer  prefers. 
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The  minimum  charge  is  25  shillings  per  quarter;  or  $2  per 
mouth  for  quantities  not  exceeding  1,000  gallons.  Larger 
quantities  are  charged  by  a  sliding  scale,  from  75  cents  to 
$2  for  each  1,000  gallons,  owing  to  the  amount  consumed.  The 
lowest  price  named  is  when  the  monthly  consumption  exceeds 
35,000  gallons.  For  quautities  exceediug  60,000  gallons  a 
month,  the  charge  is  60  cents  per  1,000  gallons. 

In  some  cases  the  cost  for  hoisting  has  been  reduced  to  ^  cent 
per  ton  for  50  feet  of  lift;  the  efficiency  is  from  50  to  70  per  cent. 
All  parts  of  the  system  are  subjected  to  monthly  inspection. 
Leaks  are  detected  at  once  from  the  pumping  station,  and  the 
friction  is  estimated  at  2  to  3  per  cent,  for  each  mile. 

The  engines  employed  are  of  the  inverted  marine  type,  com- 
pound and  condensing.  The  pumps  are  of  the  three  throw  ar- 
rangement. The  amount  of  coal  burned  is  2.4  lbs.  per  hour  for 
each  indicated  horse  power.  The  number  of  consumers  at  the 
end  of  the  first  year  was  31;  for  the  second  year  155,  and  200 
contracts  not  completed.  The  main  pipes  are  of  cast  iron,  6  in. 
bore,  1§  in.  thick. 

THE   LIVERPOOL    HYDRAULIC    POWER    CO. 

This  plant  now  in  course  of  erection  will  no  doubt  be  the  most 
extensive  one  of  all.  The  amount  of  goods  to  be  handled  is 
enormous,  and  the  area  concentrated  so  that  one  system  will 
probably  be  made  to  cover  all. 
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MINUTES  OF  MEETINGS. 

REGULAR    MEETING. 

November  5,   1886. 
Vice-President  Specht  in  the  chair. 

Minutes  of  preceding  meeting  read  and  approved. 

The  Secretary  reported  the  receipt  of  a  number  of  volumes  of 
technical  works  from  Colonel  C.  S.  Stewart,  U.  S.  A.  On  mo- 
tion of  Mr.  Manson,  the  President  was  requested  to  appoint  a 
committee  of  two  to  wait  on  Colonel  Stewart  and  thank  him  for 
his  generous  donation  to  the  library. 

Colonel  Stewart  was  proposed  for  honorary  membership. 

A  paper,  by  John  Richards,  was  read  by  the  Secretary,  "  On 
The  High  Pressure  Hydraulic  System  of  Distributing  Power  in 
Cities,  with  some  remarks  on  Other  Methods." 

Several  gentlemen  spoke  on  the  subject,  and  on  the  sugges- 
tion of  Mr.  Dickie,  discussion  of  the  paper  was  deferred  until  the 
next  meeting. 

Attention  was  called  by  the  Secretary  to  the  fact  that  in  Feb- 
ruary last  Mr.  P.  J.  Flyrm,  a  member  of  the  Society,  had  read 
a  paper  on  a  modification  of  Kutter's  formula  given  in  Moles- 
worth's  "  Engineers'  Pocket-Book;"  and  that  when  this  paper 
was  brought  to  the  attention  of  Mr.  Molesworth,  he  wrote  from 
Simla,  India,  to  Van  Nostrand's  Engineering  Magazine  for  Sep- 
tember, as  follows:  "Mr.  Flynn's  criticism  of  my  modification 
of  Kutter's  formula  for  pipes  has  just  reached  me.  Mr.  Flynn 
is  quite  correct." 


TECHNICAL  SOCIETY  OF  THE  PACIFIC  COAST. 

INSTITUTED  APRIL,  1884. 


TRANSACTIONS. 

Note. — This  Society  is  not  responsible,  as  a  body,  for  the  facts   and   opinions  advanced 
in  any  of  its  publications. 


(Volume  IV.— February,  1867.) 


MINING  DEBRIS  IN  CALIFORNIA  RIVERS. 

By  AUG.  J.  BOWIE,  Mem.  Tech.  Soc. 
Bead  February  4,  1887. 


The  debris  question  has  within  the  last  few  years  occupied 
the  attention  of  the  State  and  Federal  Courts  of  California. 
The  newspapers  in  the  different  counties  have  engaged  in 
endless  polemics,  until  even  the  casual  reader  has  become 
more  or  less  acquainted  with  the  subject.  In  a  country  pioneered 
by  the  miner  and  made  famous  by  its  gold  production,  it  is  un- 
fortunate that,  with  the  development  of  its  agricultural  resour- 
ces in  certain  limited  portions  of  the  State,  two  interests,  which 
should  work  harmoniously,  are  at  this  late  date,  brought  into 
direct  conflict. 

The  object  of  this  paper  is  to  examine  this  subject  from  an 
impartial  standpoint,  and  to  invite  a  discussion  of  the  ways  and 
means,  by  which  the  present  deplorable  state  of  affairs  may  be 
improved,  and  to  demonstrate  from  the  surveys  and  explorations 
already  made,  and  the  experience  obtained  in  other  parts  of  the 
world,  what  the  science  of  engineering  can  do  to  ameliorate  the 
existing  situation.  The  question  is,  is  it  practicable  to  perma- 
nently impound  debris  from  the  mines,  to  prevent  its  entering 
navigable  streams,   so  that  mining  may  be  prosecuted  in  this. 
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State,  without  detriment  to  agricultural  interests,  and,  if  practi- 
cable, what  means  should  be  taken  to  attain  this  result;  or,  can 
the  streams  of  this  State,  tributary  to  the  navigable  rivers,  and 
into  which  the  mines  discharge  their  debris,  be  permanently  im- 
proved, so  that  navigation  will  not  be  impaired,  and  mining  and 
agricultural  interests  be  made  to  harmonize. 

On  the  solution  of  this  problem  depends  the  future  of  the 
mining  interests  of  the  State,  in  which  over  one  hundred  millions 
of  dollars  in  gravel  mining  alone,  are  now  invested. 

The  attention  of  engineers  is  here  called  to  this  subject,  which 
seems  a  most  fitting  one  for  the  consideration  and  cool  delibera- 
tion of  the  members  of  this  Society. 

THE    MINING    FIELD. 

The  general  topography  of  the  great  valleys  of  the  San  Joa- 
quin aud  Sacramento  rivers,  as  well  as  that  of  the  gravel  depos- 
its,7which  flank  the  west  side  of  the  Sierra  Nevada,  from  Plumas 
in  the  north  to  Mariposa  county  in  the  south,  is  so  well  known 
to  all  Californians  that  a  description  in  detail  is  unnecessary. 

For  present  purposes,  suffice  it  to  say  that  the  great  valley 
forms  almost  level  land,  having  a  roughly  elliptical  form,  trend- 
ing about  N.  30  W.,  and  S.  30  E.,  and  embracing  about  18,000 
square  miles.  It  lies  between  latitude  34°  50'  N.  near  Fort 
Tejon,  and  40°  40'  N.  near  Shasta,  an  extreme  length  of  about 
450  miles,  and  an  average  width  of  about  forty  miles. 

A  longitudinal  section  of  the  valley  from  Redding  in  the  north, 
to  the  mouth  of  the  Sacramento  river,  a  distance  of  192  miles, 
shows  the  fall  to  be  556  feet,  or  an  average  of  2^  feet  per  mile, 
while  from  Kern  Lake  in  the  south  to  the  mouth  of  the  San  Joa- 
quin, 260  miles,  the  fall  is  282  feet,  or  an  average  of  1.08  feet 
per  mile.     (See  Plate  I.) 

Cross-sections  at  right  angles  to  the  length  of  the  great  valley, 
show  a  more  or  less  gradual  slope  from  the  foothills  of  the  en- 
closing ranges  towards  the  Sacramento  and  San  Joaquin  rivers. 

Between  Firebaugh's  and  Hill's  ferries,  the  ground  falls  from 
the  foothills  to  within  4i  miles  of  the  San  Joaquin  river  at  the 
rate  of  6  feet  per  mile;  thence  it  is  nearly  level  to  within  \  mile 
of  the  river,   which  it  approaches  with  an  ascent  of  \\  feet  per 
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mile.  At  Bantas,  the  valley  is  somewhat  contracted,  and  a  de- 
scent toward  the  river  more  rapid,  at  the  rate  of  18  feet  per  mile. 
The  northern  division  of  the  valley  is  narrower,  diminishing 
to  the  north.  The  descent  from  the  edge  of  the  foothills  to  the 
Sacramento  is  more  rapid  than  the  corresponding  slope  in  the 
southern  division.  From  Sacramento  City  to  Folsom  at  the 
base  of  the  Sierra,  a  distance  of  18  miles,  there  is  a  rise  of  near- 
ly 200  feet, 

NAVIGABLE    WATERS    AFFECTED    BKLOW. 

The  navigable  waters  are  the  bays  of  Suisun,  San  Pablo  and 
San  Francisco,  and  the  Sacramento,  San  Joaquin  and  Feather 
rivers.  These  channels  are  more  or  less  affected  by  detritus,  de- 
livered to  them  by  a  number  of  non-navigable  tributaries  which 
receive  the  sands  from  the  gold  washings.  Those  lying  to  the 
north  of  Chico  Creek,  at  present  play  an  unimportant  part  in 
the  conflict  which  has  arisen,  whereas  all  the  streams  south  of  it 
as  far  as  the  Merced  river,  affect  the  navigable  waters  of  the 
State. 

The  Sacramento  river  rises  in  the  north,  flows  in  a  southerly 
direction  through  the  great  valley,  which  is  flanked  on  the  east 
by  the  Sierra  Nevada,  and  on  the  west  by  the  Coast  Range. 
Like  large  rivers  in  broad  valleys,  the  Sacramento  runs  on  an 
elevated  ridge,  the  banks  of  the  river  being  decidedly  higher 
than  the  strip  of  land  on  either  side.  At  Colusa  this  difference 
of  level  amounts  to  as  much  as  twenty  feet,  and  in  heavy  freshets 
the  water  discharges  into  the  adjacent  low  areas. 

On  tbe  east  side  of  the  Sacramento,  close  to  the  river,  between 
the  Americau  and  Feather,  is  a  basin,  the  level  of  which  is  a 
number  of  feet  below  that  of  the  main  river,  and  which  is  over- 
flowed in  every  freshet. 

From  Marysville  Butte  to  the  mouth  of  the  Feather,  in  an 
angle  here  formed  with  the  Sacramento,  lies  another  basin  thirty 
miles  in  length,  which  is  also  subject  to  overflow  at  the  high  stage 
of  the  river,  and  which,  from  its  great  storage  capacity,  exercises 
an  important  influence  in  determining  the  flood  flow  of  this 
stream.* 

*See  Official  Report  Chief  of  Engineers  to  Secretary  of  War,  January  26,  1882,  appendix 
MM.  p.  2549. 
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The  streams  tributary  to  the  Sacramento  are;* 

Drainage  area. 

The  American 1,899  sq.  miles 

Bear 287  " 

Feather  (at  Oroville) 3.654  " 

Yuba  (with  sundry  areas) 1,452  "       " 

The  Sacramento  Valley  has  an  area  of  4,769  miles,  classified  as 
follows  :f 

Designation.  Area  Sq.  Miles. 

High  hill  lands 55.50 

Low  hill  of  rolling  land  near  foot-hills 650.00 

Dry  plains  above  reach  of  all  overflow 2,321.45 

"         "       subject    to    occasional    overflow     from    tributary 

streams 450.00 

Lands  subject  to  flooding,  etc.,  etc 1,254.00 

River  slough  and  channel  surface  of  perennial  streams 3S.05 

Total 4,769.00  sq  m. 

DRAINAGE    AREAS. 

Tli9  catchment  areas,  with  the  drainage  tributary  to  the  Sacra- 
mento, are  more  than  two  and  one-half  times  greater  than  the 
area  of  the  valley  itself. J  The  Sierra  Nevada  side,  (drained  by 
the  American,  Bear,  Feather  and  Yuba  rivers,  Butte,  Chico, 
Rock,  Deer,  Mill  and  Antelope  creeks,  has  an  area  of  8,843 
square  miles,  with  elevations  as  high  as  11,000  feet)  receives 
annually  from  24  to  102  inches  of  precipitation  in  form  of  rain 
and  snow,  while  the  rainfall  in  the  valley,  over  an  area  of  4,769 
square  miles,  averages  from  18  to  20  inches.  The  Coast  Range 
with  an  area  of  3,075  square  miles,  flanking  the  valley  on  the 
west  has  less  precipitation  than  on  the  Sierra,  while  the 
mountainous  district  at  the  northern  end  of  the  Sacramento 
plain,  which  includes  Mt.  Shasta  (14,440  feet  high)  in  its  area 
of  5,616  square  miles,  has  a  rainfall  varying  from  30  to  110 
inches. 

*See  Physical  Data  and  Statistics  of  California,  by  Wm,  Hammond  Hall,  State  Engineer, 
pp.  394,  395. 
tState  Engineer's  Report  1880,  pp.  7  and  8. 
IState  Engineer's  Report,  Jan.  21,  1880,  p.  8. 
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The  area  drained  by  Pitt  River  at  its  junction  with  McCloud 
River,  excluding  Goose  Lake  basin,  is  4,597  square  miles.  The 
total  area  of  the  Sacramento  basin  at  Collinsville.  excluding1 
Goose  Lake  basin,  aggregates  26,187  square  miles.  A.t  its  head 
is  Mount  Shasta,  14,440  feet  high.  In  this  high  drainage 
basin  there  is  a  precipitation  of  rain  in  three  or  four  months 
which  reaches  90  inches  or  more.  Three-fourths  of  the  area 
of  this  basin  is  mountainous,  the  greater  part  of  it  being 
subject  to  a  very  considerable  rainfall,  and  which  may 
be  averaged  for  the  whole  mountain  area  at  35  or  40  inches, 
and  for  the  area  of  the  basin  at  about  30  inches.  * 

About  half  the  total  rainfall  in  latitude  38-1  occurs  in  the 
months  of  November  and  December.  Going  north  precipitation 
increases,  while  toward  the  south  it  decreases.  The  rain-clouds 
come  almost  exclusively  from  the  south  and  southwest.  There 
is  not  a  single  permanent  flowing  stream  on  the  west  side  of  the 
valley  of  the  San  Joaquin  from  the  Coast  Range,  and  nearly  the 
same  is  true  of  the  Sacramento  Valley,  although  Putah,  Cache 
and  Stony  creeks  discharge  at  times  a  large  quantity  of 
water. 

It  is  clear  that  the  capacity  of  the  water-ways  of  this  section 
of  the  State  is  wholly  inadequate  to  discharge  at  high  flood  the 
drainage  of  the  country. 

The  San  Joaquin  River  has  its  source  in  the  south,  and  flows 
in  a  northwesterly  direction  through  the  valley,  uniting  with  the 
Sacramento  River  at  the  upper  or  eastern  end  of  Suisun  bay. 
The  southern  or  high  Sierra,  which  flanks  the  southeastern  por- 
tion of  the  San  Joaquin  valley  between  parallels  36°  and  37°  50', 
has  its  drainage  effected  by  means  of  Kern,  King  and  San  Joaquin 
rivers.  The  elevation  of  the  main  crest  is  from  12,000  to  13,000 
feet  high,  with  numerous  points  over  14,000  feet,  but  none 
reaching  15,000  feet.  The  descent  on  the  western  slope  aver- 
ages 250  feet  per  mile. 

Kern  river  drains  a  larger  area  than  any  stream  flowing  froin 
the  western  slope  of  the  Sierra  with  the  exception  of  the  Feather 
river.     Its  catchment  area  is  2,345  square  miles.     King's  river, 

*3ee  Physical  Data  and  Statistics  of  California,  by  Wm.  Hammond  Hall,  State  Engineer, 
p.  394. 
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which  drains  the  country  to  the  north  of  Kern,  has  a  catchment 
area  of  1,742  square  miles,  while  the  Kaweah,  which  drains  the 
region  between  Kern  and  King's,  has  a  catchment  area  of  698 
square  miles. 

The  entire  region  north  of  King's  river,  is  drained  by  the  San 
Joaquin.  The  principal  streams  emptying  into  this  river 
and  flowing  down  the  western  slope  of  the  Sierra,  are 
the  Merced,  Tuolumne,  Stanislaus,  Calaveras,  Mokelumne, 
and  Cosumnes.  South  of  the  Merced  are  the  Chowchilla 
and  Fresno,  which  rise  in  the  foothills,  and  likewise  drain  into 
the  San  Joaquin. 

Chowchilla  and  sundry  areas — catchment  area 328  sq.  miles. 

Fresno  "  "  "  "     299    " 

The  Merced  and  Tuolumne  rise  in  what  is  known  as  the 
Middle  High  Sierra. 

Merced  and  sundry  areas— catchment  area 1166  sq.  miles. 

Tuolumne"  "  "  "    1613    " 

From  the  Tuolumne  north,  the  drainage  area  of  the  streams 
flowing  into  the  San  Joaquin  from  the  western  slope  of  the 
Sierras  is  as  follows:* 

Stanislaus  river  (rising  in  Silver  Mt.) 1065  sq.  miles. 

Calaveras      "  (     "      near  Grove  of  Big  Trees) 556    " 

Mokelumne"  (     "      east  of  Silver  Mt.) 637    ' 

Cosumnes     "  580 

The  Sacramento  and  San  Joaquin  rivers,  near  their  mouths  at 
the  northeastern  extremity  of  Suisun  bxy,  where  they  join  tide 
water,  flow  through  a  delta  of  considerable  extent,  the  surface  of 
which  is  below  the  level  of  flood  tide.  The  Strait  of  Car- 
quinez  connects  Suisun  Bay  with  San  Pablo  Bay,  which  opens 
into  San  Francisco  Bay,  these  rivers  and  bays  forming  a  con- 
tinuous channel,  connecting  with  the  Pacific  Ocean  through 
the  Golden  Gate. 

The  auriferous  deposits  of  all  kinds  worked  by  the  miners,  and 
which  affect  the  region  described,  occur  on  the  western  slope  of 
the  Sierra  Nevada  from  Siskiyou  in  the  north,  parallel  with  the 

*For  details  see  Whitney's  Auriferous  Gravels  of  California,  pp.  9,  10,  11,  and  Physical 
Data  and  Statistics  of  California,  by  Wm.  Hammond  Hall,  p.  396. 
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crest  of  the  Sierra,  to  Tekachapi  in  the  south,  a  distance  of 
nearly  400  miles.  The  width  of  this  mining  area  is  from  20  to 
40  miles,  extending  from  the  plains  or  edge  of  the  valley,  to  alti- 
tudes of  5,000  to  6,000  feet.  The  largest  amount  of  mining  in 
proportion  to  area,  is  comprised  between  Chico  creek  on  the 
north  and  Merced  river  on  the  south,  a  distance  of  150  miles. 

Having  briefly  outlined  the  principal  topographical  features 
of  the  mining  regions,  as  well  as  those  of  the  valleys  affected  by 
mining  operations,  the  questions  which  next  present  themselves, 
are: 

1st.  The  extent  and  value,  of  the  auriferous  workable  deposits 
on  the  western  flank  of  the  Sierra  Nevada,  and  the  present  con- 
dition of  the  mining  industry,  as  affected  by  the  late  decisions  of 
the  State  and  Federal  courts. 

2d.  The  amount  of  material  heretofore  discharged  from  the 
mines  annually  into  the  valleys. 

3d.  What  is  tbe  extent  of  the  damages  so  far  as  known,  due  as  is 
supposed  to  the  flow  of  detritus  from  the  mines,  and  other  causes; 
how  much  land  has  been  injured;  what  is  its  value;  the  time 
occupied  in  its  temporary  destruction,  and  the  yield  of  the 
mines  during  that  period;  what  is  the  extent  of  deposits  of  de- 
bris in  the  mountain  channels  above  and  below  the  foothills; 
what  do  the  estimates  show,  and  what  are  the  deductions  there- 
from; how  do  the  ancient  and  present  lines  of  drainage  resemble 
each  other;  how  have  the  navigable  rivers  been  affected,  and 
what  do  the  past  and  recent  surve3^s  of  these  streams  show;  the 
causes  tending  to  diminish  the  tidal  prism  of  San  Francisco 
Bay;  what  is  the  commercial  value  of  the  river  channels  for 
steamers  and  vessels,  compared  with  the  railroad  lines  of  com- 
munication as  demonstiated  by  the  transportation  of  freight. 

These  several  questions  will  now  be  answered  categorically. 

THE    MINING    REGIONS. 

The  extent  of  the  mining  region  which  flanks  the  valley  al- 
ready referred  to,  aggregates  nearly  450  miles  in  length,  and 
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approximates  40  miles  in  width.  The  value  of  the  quartz  and 
gravel  deposits  within  that  large  area  of  18,000  square  miles,  it 
is  practically  impossible  to  state,  but  some  idea  of  the  same  may 
be  formed  by  showing  their  product  either  in  the  aggregate  or 
annually.  It  is  within  bounds  to  state  that  these  gold  fields  have 
produced  since  their  discovery  in  1849,  over  twelve  hundred  mil- 
lions of  dollars,  which  is  a  permanent  addition  to  the  material 
wealth  of  the  country,  consequent  upon  the  imperishable  value 
of  the  precious  metal,  without  referring  to  its  stimulating  effect 
"upon  all  other  industries.  The  annual  production  is  approxi- 
mately shown  in  the  following  table: 
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PRODUCE  OF  GOLDJIN  THE  UNITED  STATES   FROM  ITS    DISCOVERY  IN  CALIFOR- 
NIA, JANUARY,  1848,  TO  JUNE  30,  1883,  STATED  IN  FISCAL  YEARS.* 


Years. 

Gold  Produced 

in  State 
of  California. 

GoldProduced  !  Tr.f-,  p     ,„.„   Gold  Contain-    Grand   Total 
in  other  States  „,  p',f,,™'   ed     in     Silver  Produce    from 
and  Territories  0I   U0la  mmes-        Produce.          all  Sources. 

1848  . 

8245,301 
10,151,360 

$851,274 

927.684 

$1,096,575 
11,079  044 

$1,096,575 
11,079,044 

1849  . 

1850  . 

10,396,661 

41,273,106 
75,938,232 
81,294,700 
67,613,487 
69,433,931 

1,778,958 

665,217 
602,380 
712,263 
508,564 
251,627 

12,175,619 

41,938,323 

76,540,612 
82,006,963 
68,122,051 
69,685,558 

12,175,619 
41,938,323 

1851 

76,540,612 

1852 

82,006,963 

1853  . 

68,122,051 

1854. 

69,685,558 

1855 
1856 

335,553,456 

55,485,395 
57,509,411 
43,628,172 
46,591,140 
45,846,599 

2,740,051 

312,364 
369,031 
143,053 
386,028 
366,957 

338,293,507 

55,797,759 
57,878,442 
43,771,225 
46,977,168 
46,213,556 

.- 

338,293,507 

55,797,759 
57,878,442 

1857 

43,771,225 
46,977.168 

1858.  . 

1859 

46,213,556 

1860 

1861 

1862. 

1863 

1864 

249,060,717 

44,095,163 
41,884,995 
38,854,668 
23,501,736 
24,071,423 

172,407,985 

17,930  858 
17,123,867 
18,265,452 
17,555.867 
18,229,044 

1,577,433 

875,878 
2,831,895 
3,989,210 
7,474,808 
8,372,115 

250,638,150 

44,971,041 
44,716,890 
42,843,878 
30,976,544 
32,443,538 

$50,000 

800,000 

2.150,000 

4.350,000 

5,300,000 

250,638,150 

45,021,041 
45,516,890 
44,993,878 
35,326  544 
37,743,538 

1865 

1866 

1867 

1868 
1869 

23,543,906 

9,920,244 
12,086,941 
13,)  69,117 
7,942,116 
7,607,698 

195,951,891 

27,851,102 
29,210,808 
31,434,569 
25,497,983 
25,836,742 

12,650,000 

5,500,000 
4,650,000 
5,700,000 
4,000,000 
3,550,000 

208,601,891 

33,351,102 
33,860.808 
37,134,569 
29,497,983 
29,386,742 

1870 

1871 

1872 

1873 

1874 

89,105,088 

17,458,133 
17,477,885 
15,482,194 
15,019,210 
17,264,836 

50,726,116 

7,907,569 
7,813,419 
6,975,843 
7,213,768 
6,863,012 

139,831,204 

25,365,702 
25,291.304 
22,458,037 
22,232,978 
24,127,848 

23,400,00 

3,700,000 
5,500,000 
6,900,000 
12,000,000 
11,500,000 

163.231,204 

29,065,702 
30,791,304 
29,358,037 
34,232,978 
35,627,848 

1875 

1876 

1877 

1878 

1879 

82,702,258 

16,876,009 
15,610,723 
16,501,268 
18,839,141 
19,626.654 

36,773,611 

5,572,299 
5,511,272 
8,862,694 
9,755,213 
10,421,948 

119,475,869 

22,448,308 
21,121,995 
25,363,962 
28,594,354 
30,048,602 

39,600,000 

13,800,000 
18,500,000 
18,300,000 
19,000,000 
9.000,000 

159,075,869 

36,248,308 
39,621,995 
43,663,962 
47,594,354 
39,048,602 

1880 

1881 

1882  .... 
1883 

87,453,795 

20,030,761 
19,223,155 
17,146,416 
17,256,873 

73,657,205 

40,123,426 

9,209,033 

10,139,136 

8,468,141 

8,586,141 

127,577,221 

29,239,794 
29,362,291 
25,611,557 
25,843,014 

78,600,000 

6,000,000 
6,000,000 
5,000,000 
4,500,000 

206,177,221 

35,239,794 
35,362,291 
30,614,557 
30,343,014 

36,402,451 

110,059,656 

21.500,000 

131,559,656 

Totals.  . 

$1,100,337,165 

$193,665,952 

$1,294,003,117 

$175,750,000 

$1,469,753,117 

*SeeApp.  A,  "Bowie's  Hydraulic  Mining." 
This  table  was  carefully  compiled  by  Louis  A.  Garnett,  Esq. 
Produce  of  Gold  in  California. 
From  January  30,  1883,  to  December  30,  1883,  $5,648,000.    Estimated  from  Rep.  Director 
of  Mint.— 1884. 
For  calendar  year  1884,  $13,600,000.     Rep.  Director  of  the  Mint,  1886,  p.  51. 
"     1885,  $12,700,000.       " 
"     1886,  $12,579,356.     Wells,  Fargo  &  Co. 
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The  total  gold  product  of  this  State  during  the  last  year 
does  riot  exceed  thirteen  million  dollars.  The  falling  off  is 
readily  accounted  for  by  the  stoppage  of  the  gravel  mines. 

The  estimated  amounts  of  workable  gold  bearing  gravel 
deposits  on  the  west  flank  of  the  Sierra  Nevada  in  California, 
are  as  follows: 

Cubic  Yards. 

Upper  and  Lower  Feather  River,  large  amounts Unestin  ated 

Yuba  and  tributaries 700,000,'  00 

Bear  and  tributaries 50,000,000 

American  and  tributaries 75,000,000 

Cosumnes,  principally  at  Hill  Top,  from  11,000,000  to  12,000,000, 

say 11,500,000 

Mokelumne,  enormous  amounts,  but  not  favorably  situated. . .   Unestimated 

Calaveras,  upper  portion Unestimated 

Calaveras,  lower  portion,  principally  at  Jenny  Lind ,2-2,500,000 

Stanislaus Unestimated 

Tuolumne,  large  amounts Unestimated 

"The  quantity  of  auriferous  gravel  now  remaining  on  the 
flanks  of  the  Sierra  Nevada  is  practically  unlimited.  If  it  were 
all  workable,  its  exhaustion  would  tax  the  energies  of  miners  for 
many  generations.  No  practical  end  could  be  served  by  an 
attempt  to  estimate  the  aggregate  mass. 

"For  several  good  reasons,  only  a  comparatively  small  portion 
of  the  whole,  can  be  regarded  as  workable  under  existing  condi- 
tions. 

"  The  workable  quantity  in  several  basins  is  in  a  certain  sense 
subject  to  estimate  between  limits  in  an  approximate  way.  Such 
an  estimate  is  very  desirable  in  order  to  give  a  basis  for  an  opin- 
ion as  to  the  extent,  cost,  and  duration  of  any  system  which  may 
be  adopted  for  the  purpose  of  remedying  evils  consequent  upon 
mining."* 

The  present  condition  of  the  gravel  mining  interest  in  this 
State  is  best  shown  by  the  late  decisions  of  the  State  and  Fed- 
eral courts,  and  cannot  perhaps  be  better  indicated  than  by. 
quoting    the    final    decree    of    Judge    Sawyer,    U.    S.    Circuit 

*Forty-seventh  Congress,  first  Session  House  of  Representatives.    Ex.  Doc.  Xo.  98,  p.  35. 
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Court,  Ninth  Circuit,  District  of  California,  in  the  well  known 
suit  of  Woodruff  vs.  North  Bloomfield  Gravel  Mining  Co.,  et  al. 

United  Slates  of   America,   Circuit    Court  of  the    United  States^ 
Ninth  Circuit,  District  of  California. 

Edwards  Woodruff  vs.  The  North  Bloomfield  Gravel  Mining 
Co. ;  the  Milton  Water  and  Mining  Co. ;  the  Omega  Gold  Mining 
and  Ditch  Co.,  the  Conley  and  Gowell  Consolidated  Mining  Co.; 
the  Excelsior  Water  and  Mining  Co.;  D.  B.  Chadwickand  Oscar 

Campbell,  under  the  firm  name  of  Chad  wick  &  Campbell;  

Conly,  and Gowell. 

In  the  Circuit  Court  of  the  United  States,  Ninth  Circuit,  Dis- 
trict of  California.  Edwards  Woodruff,  complainant,  vs.  North 
Bloomfield  Gravel  Mining  Company  and  others,  defendants,  in 
Equity. 

FINAL     DECREE. 

This  cause  came  on  to  be  heard  upon  the  bill,  answer,  deposi- 
tions and  the  other  proceedings  in  the  cause,  and  was  argued  by 
counsel. 

On  consideration  whereof,  it  is  by  the  Court  ordered,  adjudged 
and  decreed  as  follows,  to  wit: 

That  as  to  defendant,  the  Conly  and  Gowell  Consolidated 
Mining  Company,  the  bill  be,  and  it  is  hereby  dismissed. 

And  that  the  defendants  herein,  to  wit:  the  ''North  Bloomfield 
Gravel  Mining  Company,"  and  its  officers,  agents,  servants  and 
employees,  and  each  and  all  of  them,  and  the  "Milton  Water 
and  Mining  Company,"  and  its  officers,  agents,  servants  and  em- 
ployees, and  each  and  all  of  them,  and  the  "Omega  Gold  Mining 
and  Ditch  Company,"  and  its  officers,  agents,  servants  and  em- 
ployees, and  each  and  all  of  them,  and  the  "Excelsior  Water  and 
Mining  Company,"  and  its  officers,  agents,  servants  and  employ- 
ees, and  each  and  all  of  them,  and  also  B.  D.  Chadwick,  sued 
herein  by  the  name  of  D.  B.  Chadwick  and  O.  D.  Campbell  and 
the  firm  or  partnership  of  Chadwick  &  Campbell,  composed  of 
said  two  last  named  persons,  and  their  and  each  and  all  of  their 
agents,  servants  and  employees,  and  Hannah  Conly,  as  executrix 
of  the  last  will  and  testament  of  John  Conly,  deceased,  and  who 
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is  substituted  as  a  defendant  in  place  of  said  decedent,  and  Orrin 
Gowell,  and  their  and  each  and  all  of  their  servants,  agents  and 
employees,  are  perpetually  enjoined  and  restrained  from  dis- 
charging or  dumping  into  the  Yuba  river,  or  into  any  of  its  forks 
or  branches,  or  into  any  stream  tributary  to  said  river  or  any  of 
its  forks  or  branches,  and  especially  into  Deer  Creek,  Sucker 
Flat  Ravine,  Humbug  Creek,  Scotchman's  Creek,  any  of  the 
tailings,  bowlders,  cobble  stones,  gravel,  sand,  clay,  debris  or 
refuse  matter  from  any  of  the  tracts  of  mineral  land  or  mines 
described  in  the  complaint.  And  also  from  causing  or  suffering 
to  flow  into  said  rivers,  creeks,  or  tributary  streams  aforesaid 
therefrom,  any  of  the  tailings,  bowlders,  cobble  stones,  gravel, 
sand,  clay,  or  refuse  matter  resulting  or  arising  from  mining 
thereon.  And,  also,  from  allowing  others  to  use  the  water  supply 
of  said  several  mines  or  muting  claim*,  or  any  part  thereof  ,  for  the 
purpose  of  ivashing  into  said  rivers  and  streams,  any  earth,  rocks, 
bowlders,  clay,  sand  or  solid  material  contained  in  any  placer  or 
gravel  ground  or  mine. 

2.  That  the  complainant  recover  of  the  defendants  above-nam- 
ed, save  the  Conly  &  Gowell  Consolidated  Mining  Company,  his 

<;osts  in  this  suit,  taxed  at and  the  same  be  paid  by  said 

defendants  to  complainant. 

3.  That  the  defendants,  or  either  of  them,  may,  at  any  time 
hereafter,  apply  to  this  Court  upon  due  notice  to  the  complain- 
ant or  Geo.  Cadwallader,  Esq.,  his  solicitor,  for  a  modification 
or  suspension  of  this  injunction  as  to  such  defendants  or  defend- 
ant so  applying,  upon  any  showing  which  the  Court  may  deem 
sufficient  that  the  conditions  have  been  so  changed  that  the  dis- 
charge of  such  mining  debris  by  said  parties  or  party,  so  apply- 
ing, into  said  streams,  or  any  of  them,  may  be  resumed  or  other- 
wise conducted,  so  as  not  to  create,  or  continue,  or  contribute  to 
create  or  continue  the  nuisance  complained  of,  or  a  nuisance  of 
a  similar  character,  and  so  as  not  to  injure  or  damage,  or  con- 
tribute to  injure  or  damage  said  complainant,  or  upon  any  other 
grounds  hereafter  arising  satisfactory  to  the  Court.  And  for  the 
purposes  aforesaid,  the  Court  hereby  reserves  the  power  to  mod- 
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ify  or  suspend  said  injunction,  in  whole  or  in  part,  as  the  exigen- 
cies and  equities  of  the  case  hereafter  arising,  may  require. 
January  23,  1884. 

(Signed)  LOKENZO  SAWYER,  Circuit  Judge. 

Endorsed:  Filed  and  entered  January  23,  1881. 

(Signed)  L.  S.  B.  Sawyer,  Clerk. 

1,  Lorenzo  S.  B.  Sawyer,  Clerk  of  the  Circuit  Court  of  the 
United  States  for  the  District  of  California,  do  hereby  certify  the 
foregoing  to  be  a  full,  true  and  correct  copy  of  the  Final  Decree 
in  the  therein  entitled  cause,  now  on  file  and  of  record  in  said 
Circuit  Court. 

Attest  my  hand  and  seal  of  said  Circuit  Court,  this  23d  day  of 
January,  A.  D.,  1884.  L.  S.  B.  Sawyer,  Clerk. 

[seal]  By  (signed)  F.  D.  Moncton,  Deputy  Clerk. 

From  the  decree,  which  speaks  for  itself,  and  under  which  it  is 
most  difficult  if  not  impossible  to  mine  at  all,  no  appeal  has 
been  taken,  and  it  is  therefore,  as  it  now  stands,  the  law  of 
our  State.  The  result  is,  that  the  principal  hydraulic  mines 
in  the  State  have  been  closed,  and  suits  have  been  instituted 
against  parties  for  drift  mining,  and  in  one  instance,  the 
North  Bloomfield  Gravel  Mining  Company  has  been  adjudged 
guilty  of  contempt  of  court,  and  fined  heavily  for  violating  this 
injunction,  by  drift  mining.  That  this  decision  of  the  court 
applies  to  all  classes  or  kinds  of  mining,  there  can  be  no  doubt. 

ESTIMATES    OF    MATERIAL    DISCHARGED    FROM    THE    MINES. 

2.  The  amount  of  material  discharged  annually  from  the 
mines  into  the  valleys  has  been  investigated  at  different  times, 
and  the  following  table  from  the  State  Engineer's  Report,  Part 
III,  p.  24,  1880,  shows  the  result  of  his  inquiry  into  the  extent 
of  hydraulic  mining  within  the  Sacramento  basin: 


Name  of  Stream. 


Water  Used 
?4  hour  M.  I. 


Table  Mountain 

Feather  River 

Yuba  River 

Bear  River 

Auburn  Ravine,  Roseville  Creek . 
American  River 


1,016,000 
3,625,000 
6,379,000 
1,850,000 
340,000 
1,912,000 

15,122,000 


Duty  per  inch 
per  cu.  yd. 


3)$ 

3% 

3}* 

3 

2 


Material  Washed 
in  cubic  yds. 


3,556,000 
12,687,500 
22,326,500 

5,550,000 
680,000 

8,604,000 

53,404,000 
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"  Thus  ib  is  seen  that  15,122,C00  miners'  (24  hour)  inches  of 
•water  were  used  in  hydraulic  mining  per  annum  on  the  streams 
which  drain  into  the  Sacramento  Valley,  and  53,404,000  cubic 
yards  of  material  of  all  kinds  are  washed  out  by  its  use.  *  *  * 
This  estimate  does  not  include  mining  on  the  upper  Sacra- 
mento, for  from  this  no  bad  results  are  noticeable  so  far  as 
known." 

The  quantities  of  water  used  in  1880  in  the  Sacramento  basin 
were  returned  by  the  County  Assessors  and  published  as  an  ap- 
pendix to  the  State  Engineer's  Keport  of  1881. 

This  report  was  supplemented  by  information  collected  by  the 
State  Engineer  department,  and  summarized  in  Ex.  Doc.  No.  98, 
47th  Congress,  1st  Session  House  of  Representatives,  as  follows: 


Name  of  Stkeaii. 

Water 
24  hour  M.  I. 

Duty  per  inch 
in  cu.  yd. 

Amount  Moved 
cubic  yds. 

Table  Mountain  and  Dry  Creek 

Butte  Creek... 

833,250 
21,000 
1,259,363 
5,458,171 
1,117,082 
44,2l>.» 
1,914,500 

32* 

3 

3)3 

3 
3 
4JS 

2,916,375 
84,000 

4,407,770 

19,103,598 

3,351,246 

132,687 

8,615,2.-0 

10,650,595 

38,610,926 

A  comparison  of  these  tables  shows  differences  of  as  much  as 
66  per  cent,  in  some  of  the  estimates  of  the  quantity  of  material 
mined  in  certain  localities.  Taken  as  a  whole,  there  is  a  differ- 
ence of  nearly  30  per  cent,  less  in  the  quantity  as  estimated  in 
accordance  with  the  assessor's  water  returns,  and  the  estimate 
given  in  State  Engineer's  Report  of  1880,  Part  III,  p.  24,  of 
which  latter  amount,  the  report  says:  "I  have  estimated  that 
about  24  per  cent,  of  the  material  from  the  Feather  River  has 
been  carried  off;  *  *  *  40  per  cent,  of  the  material  from  the 
American  River.  *  *  *  Of  the  18,100,000  cubic  yards  of 
material  brought  down  the  Sacramento  Valley  in  suspension, 
4,900,000  cubic  yards  are  due  to  natural  wash. 

The  information  respecting  the  rivers  south  of  the  American, 
collected  by  the  United  States  Grovernment,  is  given  in  the  fol- 
lowing table: 
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In  reviewing  these  statements,  it  is  impossible  not  to  be  sur- 
prised at  the  great  differences  between  them.  The  data  are  offi- 
cial, and  as  such  have  been  used  in  the  courts.  From  later  infor- 
mation on  this  subject,  more  reliable  data  have  been  obtained  for 
the  region  of  the  Yuba  draining  into  the  Sacramento  basin, 
where  the  largest  and  most  important  gravel  mines  are  located, 
and  the  greatest  quantity  of  water  used. 


Names  or  Mines. 


North  Bloomfield  . 

Milton  Co 

Omega _. 

Connelly  &  Gowell 

Sailor  Flat 

Blue  Tent  

Eureka  Lake 

South  Yuba 

Smaller  claims  . . . 


Miners'  24-hour 
inches. 


800,000 
500,000 
150,000 
100,000 
250,000 
250,000 
700,000 
450,000 
50,000 


3,250,000 


Cubic  yards 
per  inch. 


Total  amount  of 
gravel  moyed. 


3k 


11,375,000 


In  respect  to  the  damage  said  to  have  been  done  to  that  sec- 
tion of  the  country,  which  appears  to  be  principally  affected  by 
mining  detritus — namely,  the  Yuba  and  Feather  rivers  and  trib- 
utaries—  the  official  report  of  1880  shows  that  43,546  acres  suf- 
fered a  depreciation  in  value  of  two  millions  five  hundred  and 
ninety-seven  thousand  sis  hundred  and  thirty-four  dollars.* 
(See  Plate  II.) 

"The  estimates  made  with  respect  to  property  depreciation 
are  based  altogether  on  hearsay  evidence. "f 

This,  it  appears,  is  the  amount  of  land  stated  as  having  been 
injured  by  mining  and  other  causes,  including  the  natural  denu- 
dation of  the  country  during  the  last  thirty-six  years  The  esti- 
mated loss  to  the  State  in  taxes  upon  this  land  is  placed  at 
$7, 14b. 18  annually.^ 

"  There  are,"  says  the  State  Engineer,  "  lands  in  large  bod- 
ies which,  as  they  stand  now,  are  more  valuable  than  before 
the  stream  beds  were  raised      *       *       *      have  been  rendered 


*  State  Engineer's  Report,  Part  III,  p.  20. 
1  Report  State  Engineer,  1880,  Part  III,  p.  22. 
t  Report  State  Engineer,  1880,  Part  III,  p.  20. 
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moist  and  tillable  in  a  high  degree  by  the  raising  of  the  sub-sur- 
face waters.  But  I  have  not  had  time  to  look  far  enough  into 
this  matter  to  estimate  the  extent  of  such  changes."* 

The  yield,  on  the  other  hand,  of  the  mines  tributary  to  this 
one  section  of  the  State,  has  probably  exceeded  $600, 000, 000. f 

Estimates  of  the  amounts  of  deposits  of  detritus  in  the  tributaries 
of  the  navigable  waters  of  the  State  have  been  made,  to  some  of 
which  attention  has  been  called.  Many  estimates  have  been  at- 
tempted by  different  engineers,  and  some  of  these  stand  of  record 
in  the  Federal  and  State  courts.  Notably  may  be  mentioned  the 
evidence  given  in  the  case  of  Keyes  vs.  Little  York  Gold  Washing 
and  Water  Co.,  where  the  amount  of  deposit  in  Bear  River,  above 
the  plain,  was  placed  at  86,000,000  cubic  yards,  and  below  that 
point  to  the  mouth  of  the  river,  36,000,000  cubic  yards. 

From  the  State  Engineer's  Report  of  1880,  the  estimate  of 
the  deposits  in  1879  in  the  Yuba  basin  shows  that  there  were 
48,462,100  cubic  yards  stored  in  the  canons  of  the  South,  Mid- 
dle and  Main  Forks  of  the  Yuba,  and  the  Yuba  proper,  above 
Yuba  Mill,  and  23,281,000  in  the  Yuba  from  the  Yuba  Mill  to 
County  bridge  at  Marysville — a  distance  of  15  miles.  J  In  this 
last  mentioned  distance  the  river  flows  over  a  large  area  of  former 
bottom  lands.  Originally,  the  water  was  confined  by  well  de- 
fined banks,  "  but  at  present  these  and  the  adjoining  lands  have 
been  covered  from  one  to  twenty  feet  deep  with  mining  detritus. "§ 
This  latter  amount  of  25  square  miles  or  16,000  acres  forms  a 
part  cf  the  43,000  acres  already  referred  to  as  being  damaged. 

To  ascertain  the  quantity  of  material  which  had  been  washed 
down  from  the  mines  draining  into  the  Yuba  river,  and  discharged 
upon  the  lands  below,  estimates  were  made  by  actual  measure- 
ment of  the  cubical  contents  of  the  excavations  at  the  more  im- 
portant mines,  while  by  relative  comparison  and  actual  inspec- 
tion of  the  pits  those  of  the  smaller  ones  were  approximated.  || 

. . y 

♦Report  State  Engineer,  1880,  Part  III,  p.  22. 

t  The  loss  to  the  State  in  taxes  consequent  upon  closing  the  mines  has  been  vastly  in 
excess  of  $7,143.18  loss  in  taxes  upon  the  land  injured.  It  is  believed  that  the  increase 
in  value  of  the  large  bodies  of  land  above  referred  to  rendered  "moist  and  tillable,"  has 
been  sufficient  to  fully  reimburse  the  State  taxes,  so  that  the  loss  to  the  State  in  taxes 
has  been  solely  in  decreased  value  of  the  mining  property. 

t  State  Engineer's  Report,  Part  III,  1880,  pp.  60-61,  inclusive.  Also,  see  testimony  in 
Woodruff  t>s.  North  Bloomfield  et  al.,  pp.  62-63. 

I  See  State  Engineer's  Report.  1880,  Part  III,  p.  59. 

||  See  Woodruff  vs.  North  Bloomfield  et  al.,  pp.  72  and  519. 
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The  following  tables  show  in  detail  the  estimates  given  by  the 
engineers  employed  by  the  plaintiff  in  the  Woodruff  suit.* 

MINES    ON   THE   SOUTH   FORK. 
Mines.  Cubic  Yds.  Mined. 

Omega 1,780,000 

Diamond  Creek 70,000 

Curtley  &  Co 24,000 

Merrills 850,000 

Alpha 1,620,000 

Gold  Hill  Phelps 220,000 

Relief  Hill 6,930,000 

North  Bloomfield 18,800,000 

Old  pits  near  North  Bloomfield 250,000 

Brockmeyer  &  Co 580,000 

South  of  Powder  House 380,000 

Pit  southwest  of  last  one 240,000 

Columbia  Hill 17,350,000 

Blue  Tent 2,420,000 

Sailor  Flat   1,800,000 

Grizzly  Hill 360,000 

Kennebec 500,(100 

French  Corral 10,700,000 


Total  washings  ou  South  Fork.. 64,874,000 

NORTH   FORK. 

Cubic  Yds.  Mined. 

Above  Downieville 50,000 

Scammon  &  Weil  at  Eureka 1,110.000 

Morse 200.000 

North  of  Eureka 880,000 

Big  Cation  Creek 290,000 

Morristown 500,000 

Slate  Creek,  above  Portwine  and  Pits 2,300,000 

At  Portwine 880,000 

Near  St.  Louis  96,000 

Spanish  Flat 120,000 

Gibsonville 75,000 

Pleasant  Mountaiu 80,000 

Whisky  Diggings 65,000 

Crittenden  &  Co.,  Howland  Flat 36,000 

Cox  &  Co 140,000 

Pits  near  Howland  Flat 170,000 

At  La  Porte 3,450,000 

♦See  Woodruff  us.  North  Bloomfield  et  al.,  p.  543. 
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Scales  Diggings 350, 00O 

Union  Hill 50.C0O 

Poverty  Hill 880,000 

Secret  Diggings. . 290,000 

Galena  and  Young's  Hill 2,000,000 

American  and  Railroad  Hills 1,500,000 


Total  at  North  Fork 15,512,000 

MIDDLE   FORK. 

Cubic  Yds.  Mined. 

Woolsey  Flat 1,600,000 

Moore's  Flat 4,000,000 

Snow  Point 500,000 

Orleans  Flat 200,000 

Camptonville 2,420,000 

Chips'  Flat 60,000 

Alleghany  City 100,000 

North  San  Juan 11,290,000 

American  Mine,  Sebastopol 4,000,000 

Badger  Hill,  Cherokee  Flat 2,000,000 


Total  washings  Middle  Pork 26, 170,000 

MIXES    AT    DEER    CREEK. 

At  or  near  Nevada  City 10,700,000 

Rough  and  Ready 130,000 

Randolph  Flat 120,000 

Murchies,  above  Nevada  City 100,000 

Gray  &  Co 220,000 

Ashburner  &  Baker 160,000 

Sundry  small  pits 400,000 

Mooney  Flat 755,000 


Total  at  Deer  Creek 12,585,000 

MINES   AT   MAIN   FORK,   MAIN   YUBA,  ABOVE   INITIAL   POINT   OF  MANSON  ALLARDT 

SURVEY,  NEAR   SMARTSVILLE. 

Cubic  Yds.  Mined 

Manzanita  Hill 7,800,000 

At  and  near  Birchville 10,860,000 

Smartsville  upper  pit 17,000,000 


Total 35,660,000 

MINES    ON    MAIN   YUBA,   BELOW    INITIAL  POINT. 

AtTimbuctoo 20,260,000 

At  Sucker  Flat 1,000,000 


Total 21,260,000 
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RECAPITULATION. 

Washings  at  South  Fork 64,874,000 

Washings  at  North  Fork 15,512,000 

Washings  at  Middle  Fork 26, 170,000 

Washings  at  Deer  Creek 12,585,000 

Washings  Main  Fork  Main  Tuba,  above  initial  point 35,660,000 

Washings  Main  Yuba,  below  initial  point 21,260,000 

Grand  total 176,061,000 

It  appears  from  the  evidence  in  this  celebrated  debris  suit, 
that  about  thirty  per  cent,  of  all  the  material  which  has  been 
mined  has  passed  down  into  the  main  river,  both  in  suspension 
.and  moving  along  the  bottoms  of  the  channels.  It  was  also 
stated  in  the  plaintiffs  evidence,  that  a  much  greater  mass  is 
moving  along  the  bottom  than  near  the  surface,*  and  that  on 
July  29,  1882,  when  the  water  passing  Marysville  aggregated 
twenty  thousand  miner's  inches,  or  44,600,000  cubic  feet  daily, 
samples  of  it  taken  near  the  surface  showed  that  Z\  cubic  yards 
of  solid  material  were  being  transported  in  suspension  per  inch  of 
water,-}-  amounting  to  65,000  cubic  yards  per  day  in  suspension. 
These  quantities  appear  to  vary  with  the  season  of  the  year,  the 
amount  of  water,  and  the  guesses  of  the  engineer. 

Thirty  per  cent,  of  the  176,061,000  cubic  yards,  shows  that 
52,818,300  cubic  yards  passed  on  down  into  the  main  rivers; 
48,462,100  cubic  yards  are  stated  to  be  stored  in  the  caiions, 
making  a  total  of  101,280,400  cubic  yards  of  detritus  thus 
accounted  for,  leaving  seventy-four  millions  seven  hundred 
and  eighty  thousand  six  hundred  cubic  yards  of  material  depos- 
ited between  the  foot-hills  and  the  mouth  of  the  Yuba. 

One  million  thirty-two  thousand  five  hundred  and  thirty  cubic 
yards  (1,032,530)  of  material  are  necessary  to  raise  one  square 
mile  one  foot  in  neight.  If  the  foregoing  estimate  of  the  quan- 
tity stored  below  the  foot-hills  be  correct,  the  total  fill  at  present 
should  be  only  2.90  feet,  over  the  area  of  25  square  miles,  or  the 
16,000  acres  which  have  already  been  spoken  of  as  damaged. 

It  is  a  well  known  fact  that  at  Smartsville  the  depth  of  the 
■debris  is  at  least  125  feet;  at  Point  de  Guerre  not  less  than  80 

*  Testimony  Woodruff  vs,  North  Bloouifield  et  al.,  pp.  97,  463. 
<  Testimony  of  Woodruff  vs.  North  Bloomfield  et  al„  p.  206. 
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feet  (?),  and  at  the  mouth  of  the  Yuba  from  15  to  30  feet.  As- 
far  as  can  be  inferred,  the  average  depth  of  the  deposit  over  the 
area  mentioned,  may  be  approximated  from  15  to  25  feet,  (?) 
which  would  make  the  aggregate  amount  of  material  deposited 
in  this  locality  vary  from  387,200,000  cubic  yards  to  645,000,000. 

As  the  total  quantity  of  material  mined,  in  accordance  with  the 
foregoing  statements  is  only  176,000,000,  thirty  (30)  per  cent,  (or- 
53,000,000  cubic  yards)  of  which  has  passed  off  in  suspension, 
and  48,000,000  have  been  found  stored  in  the  canons,  leaving 
only  74,000,000  unaccounted  for,  the  resulting  313,000,000,  or 
569,000,000  cubic  yards  of  debris  which  are  said  to  be  spread 
over  the  16,000  acres,  must  be  due  to  other  causes  than  mining., 
or  these  statements  are  absolutely  incorrect. 

There  is  no  doubt  that  these  differences  show,  that  the  main 
accumulation  is  due  to  natural  erosion  or  unknown  causes,  other- 
wise they  can  only  be  the  result  of  an  attempt  to  reconstruct  by 
a  futile  effort  of  the  imagination,  a  topography  of  the  past. 

The  data  to  which  attention  has  been  called,  are  not  quoted  in* 
a  captious  spirit,  but  as  matters  of  record,  which  stand  to-day  as 
official  information,  used  and  accepted  by  the  State  and  Federal 
Courts  of  California.  Glaringly  incorrect  as  they  are,  judgments 
have  been  rendered  upon  them  throwing  thousands  of  people 
out  of  employment,  and  destroying  many  millions  of  property. 
All  such  estimates  are,  at  best,  only  guesses.  Circumstances 
have  not  permitted  estimates  in  their  true  sense  to  be  made, 
which  could  have  been  done  only  at  a  great  cost  'of  time  and 
money,  which  latter  has  not  been  forthcoming  for  this  purpose. 

The  sediment  determinations  of  the  material  transported  by 
the  several  streams,  show  on  their  faces  to  any  engineer  just 
what  they  are,  and  that  no  reliance  can  be  placed  upon 
them.  Even  supposing  that  each  test  was  made  with  the- 
greatest  care  and  attention,  the  number  is  too  small,  places 
too  scattered,  and  the  period  of  time  over  which  the  samples 
were  taken,  too  short  to  make  these  determinations  of  any  real 
assistance  or  value  in  ascertaining  the  sediment  discharge  of  any 
of  these  rivers. 

As  illustrative  of  these  facts,  nothing  could  throw  more  dis- 
credit on  the  value  of  the  sediment  determination  than  a  quota- 
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lion  from  Vol.  XII,  p.  9080,  of  the  testimony  in  the  suit  of 
"Woodruff  vs.  The  North  Bloomfield  MiningjCo.  et  al.,  wherein  a 
letter  to  the  Secretary  of  "War,  from  one  of  the  learned  counsel 
for  the  plaintiff,  states,  that  "the  high  water  discharge  (ordinary) 
•of  the  Sacramento  River  is  100,000  cubic  feet  per  second,  charged 
lo  the  extent  of  more  than  one  per  cent,  with  hydraulic  mining 
sand,  besides  a  heavy  current  of  it  flowing  at  the  bottom." 

Let  us  analyze  this  statement.  100,000  cubic  feet  per  second 
=6,000,000  cubic  feet  per  minute.  6,000,000  cubic  feet  per 
minute Xl440=8,640,000,000  cubic  feet  discharged  per  24  hours. 
One  per  cent,  of  this  ainount=86,400,000  cubic  feet  of  material 
Iransported  every  24  hours.  Reducing  this  to  yards,  we  have 
■3,200,000  cubic  yards  of  material  being  daily  carried  off  in  sus- 
pension by  the  Sacramento  River,  without  taking  into  considera- 
tion "what  rolls  along  the  bottom."  To  put  this  in  a  mill  forms 
if  this  river  were  to  run  but  12  days  during  the  year,  38,000,000 
cubic  yards  would  be  carried  off  in  suspension  alone,  which  about 
■equals  the  total  amount  of  material  mined  (estimated)  in  an  en- 
tire year  in  the  area  tributary  to  the  Sacramento  River,  not  one- 
half  of  which  quantity  ever  reaches  the  navigable  streams.  From 
this  showing  the  river  must  be  well  scoured  out,  and  at  the  end 
of  the  month  ought  to  be  very  clean  and  clear  of  all  debris. 
This  letter,  which  appears  in  the  testimony,  was  reinforced  in 
the  evidence,  by  an  extraordinary  statement  by  engineers  of  the 
plaintiff,  to  the  effect  that  "for  every  cubic  yard  of  material  car- 
ried in  suspension  by  the  water,  there  were  three  cubic  yards 
carried  along  the  bottom  of  the  stream."*  Now  adding  this  ad- 
ditional amount  to  the  material  carried  in  suspension,  there  are 
12,800,000  cubic  yards  discharged  by  the  Sacramento  River 
«very  24  hours,  or,  in  three  days,  a  quantity  equal  to  the  entire 
amount  of  debris  which  has  been  washed  from  the  mines  in  a 
year,  and  for  the  year  20  times  more  than  Humphrey  and  Abbott 
state  is  the  quantity  of  debris  passing  out  of  the  Mississippi  in 
same  length  of  time.     Further  comment  is  unnecessary. 

THE    ANCIENT    AND    PRESENT    LINES    OF    DRAINAGE. 

The  area  drained  by  the  present  streams  does  not  differ  essen- 
tially from  that  drained  by  the  pliocene  rivers.     In  the  tertiary 

*  Testimony  Woodruff  vs.  North  Bloomfielrl  et.  al.,  p.  463. 
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epoch,  the  Sierra  Nevada  Range  was  the  same  as  it  now  is,  so 
far  as  concerns  the  general  elevation  and  the  position  and  direc- 
tion of  the  principal  river  basins  into  which  its  western  slope  is 
divided.* 

The  existence  of  those  larger  channels  shows  that  the  water 
flow  from  corresponding  areas  was  greater  during  that  period 
than  it  now  is.  There  is  no  certainty  that  there  was  the  same 
number  of  streams  reaching  the  valley  in  pliocene  times  as  at 
present.  It  is  probable  that  some  of  the  larger  streams  joined 
together  at  greater  elevations,  concentrating  their  waters  before 
entering  the  Sacramento  Valley.  The  two  large  rivers  flow- 
ing from  the  Sierra  in  the  pliocene  period  are  to-day  repre- 
sented by  the  American  and  the  Yuba.  These  streams, 
which  are  now  practically  rivulets,  can  be  traced  far  down  into 
the  valley  by  the  widely  spread  deposits  of  gravel  and  the  usual 
accompanying  volcanic  masses.  From  the  great  width  of  the 
main  channels  of  the  gravel  epoch,  steepness  of  their  grade  and 
depth  of  the  deposits,  it  is  quite  clear  that-  the  volume  to-day 
discharged  by  the  present  streams  is  insignificant  when  compared 
with  that  of  the  pliocene  period. 

It  is  said  that  in  early  days  the  present  streams  were  clear 
running  waters  in  their  ordinary  stages  between  high  banks. 
The  casual  observer  noted  no  change  in  their  beds  or  slopes, 
until  the  flood  of  1862,  when  the  water  from  the  mountains  is 
said  to  have  carried  masses  of  material  into  the  valleys,  raising 
the  beds  of  the  streams  and  flooding  the  adjacent  lowlands. 

Subsequent  floods  at  intervals  of  six  or  seven  years,  apparently 
increased  the  evil  more  markedly,  but  it  was  not  until  1869  that 
the  low  water  reading  of  the  Sacramento  tidal  gauge  showed  an 
increase  of  2  T%  feet  above  the  zero. 

The  inquiry  naturally  suggests  itself  as  to  the  sources  whence 
this  material  came.  It  is  a  well  established  fact,  that  in  the 
early  period  of  placer  mining,  over  one  hundred  thousand  men 
were  engaged  in  washing  for  gold  in  the  section  of  country  tributa- 
ry to  the  Sacramento  River,  and  necessarily  an  enormous  quantity 
of  material  was  discharged  into  the  smaller  streams  or  tributaries. 
These  accumulations,  and  those  from  subsequent  mining,  were 

*The  Auriferous  Gravels  of  California. — Whitney,  p.  312. 
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undoubtedly  transferred  into  the  streams  below,  during  the  flood 
period,  and  assisted  in  raising  the  bed  of  the  channel.  This 
once  accomplished,  the  slightest  subsequent  change  was  readily 
noticed,  and  every  evil  accruing  therefrom  was  thereafter  imme- 
diately attributed  to  hydraulic  mining. 

Here  it  seems  proper  to  investigate  this  question,  and  to  see 
if  the  damage  to  the  Sacramento  River  is  wholly  due  to  the 
mines. 

Surveys  by  the  Government  have  been  made  of  the  navigable 
waters  of  the  Sacramento  and  its  subsidiary  channels,  aggregat- 
ing a  distance  of  two  hundred  and  sixty  miles.  These  surveys 
are  in  detail,  so  there  exists  a  full  record  of  the  stream.  The 
name,  Upper  River,  is  applied  to  the  hundred-mile  stretch  lying 
above  Colusa.  The  banks  of  this  section  of  the  stream  are  by  no 
means  permanent.  The  river  shifts  more  or  less  with  every 
flood,  and  upon  its  subsidence  the  navigable  channel  is  found 
in  a  number  of  places  to  have  changed  position.* 

The  only  good  banks  of  the  Upper  River  are  those  of  an  ancient 
and  larger  stream,  which,  at  the  big  cut-off,  are  one  and  a-half 
miles  apart,  and  at  Sam  Soule's  Bar  are  two-thirds  of  a  mile 
from  one  another,  the  river  between  these  points  touching  the 
banks.  The  hard  banks  are  about  the  level  of  high  water.  Be- 
tween these  places,  some  five  feet  lower,  there  is  an  alluvial  bot- 
tom covered  with  a  forest  growth  of  sycamores  and  cottonwoods, 
through  which  the  river  meanders.  With  its  various  changes 
trees  are  uprooted  and  masses  of  material  are  washed  with  them 
into  the  stream  below. 

There  are  numerous  tributaries  with  heavy  grades,  coming 
principally  from  the  Coast  range,  carrying  large  amounts  of 
gravel,  which  are  discharged  into  the  Upper  River.  These  trib- 
utaries are  subject  to  heavy  freshets,  which  are,  however,  of 
short  duration. 

Stony  Creek,  which  enters  the  river  about  forty-five  miles 
above  Colusa,  draining  760  square  miles  of  territory  subject  to 
enormous  floods,  is  said  to  have  a  flood  discharge  of  80,000  cubic 

•Appendix  KK.     Anniul  Report  of  Chief  Engineer,  1880,  p.  2237. 
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feet  per  second.  It  carries  very  large  gravel  to  the  river  in  con- 
siderable quantities.* 

Reed's  Creek,  Redbank  Creek,  Elder  Creek  and  Thomas  Creek, 
are  all  gravel-bearing  streams,  discharging  into  the  Sacramento 
from  the  Coast  range,  whereas  from  the  Sierra  Nevada  side  no 
gravel  can  be  said  to  enter  the  stream. 

The  fall  of  the  Upper  River  from  Red  Bluff  to  Colusa  varies 
from  14  to  30  inches  per  mile,  and  from  below  Colusa  for  the 
first  35  miles,  it  averages  only  5i  inches.  The  following  table 
shows  the  average  grade  per  mile  for  the  different  parts  of  the 
river : 

LOW    WATER    PROFILE,    SACRAMENTO    RIVER,    CALIFORNIA. t 


Red  Bluff 

Last  Chance 

Sacramento  Bar 

Foot  of  Saw  Mill  Rapids 

Tehama 

Head  of  Tehama  Rapids 

Foot  of  Tehama  Rapids 

Head  of  Captain  Jane's  Rapids.. 

Squaw  Hill 

Merrill's  Wheat  Landing 

Head  of  Gazette  Chute 

Hoodlum  Chute 

Head  of  Sam  Soule  Bar 

Foot  of  Sam  Soule  Bar 

Collay's  Ferry 

Bidwell's  Landing 

Chico  Landing 

Munro  ville 

Deadman's  Bar 

Jacinto 

Head  of  Pike's  Cut-off 

Foot  of  Pike's  Cut-off 

Battle  City 

Princeton 

John  Bogg's  Landing 

Calden's  Landing 

Colusa 

Winn's  Landing 

Knight's  Landing 

Mouth  of  Feather  River 

Sacramento  City 

Haycock  Shoal 

Head  of  Grand  Island 

Rio  Vista 

Collinsville , 

New  York  Landing,  Suisun  Bay 


Elevation  above 
Distance  from      low  water  at 
Red  Bluff.       NewYorkLand- 
ing. 


Feet. 

0 
20,0fl0 
53,000 
80,000 
93,000 
95,000 
100,000 
120,000 
153,000 
170,000 
185,000 
203,000 
230,000 
234,000 
239,000 
270,000 
298,000 
326,000 
356,000 
354,000 
408,000 
418,000 
448,000 
475  000 
496,000 
529,000 
595,500 
779,500 
891,500 
,013,500 
,153,000 
,204,000 
294,000 
367,000 
,440,000 
,455,500 


Feet. 

244.54 

236.73 

220.67 

202.77 

200.82 

200.56 

192.55 

186.23 

168.48 

159.29 

156.66 

150.14 

139.23 

134.49 

132.82 

127.80 

119.18 

109.50 

101.86 

92.66 

83  86 

80.22 

73  00 

66.90 

61.41 

54.25 

43.20 

27.00 

20.00 

16.00 

9.35 

7.40 

4.66 

1.01 

0.15 

0.00 


Average  fall 
per  mile. 


Feet. 

2.05 

2.57 

3.47 

0.79 

0.68 

8.41 

1.66 

2.83 

2.83 

0.92 

1.89 

2.12 

7.53 

1.75 

0.84 

1.62 

1.82 

1.34 

1.73 

1.93 

1.91 

1.26 

1.19 

1.37 

1.14 

0  872 

0.177 

0.328 

0.138 

0.325 

0.201 

0.160 

0.263 

0.062 

0.050 


*See  Appendix  KK,  to  Report  of  Chief  Engineer,  1880.  p.  2239.    Also  report  of  Wm.  H. 
Brown,  engineer  of  the  Sacramento  Valley  Irrigation  and  Navigation  Canal,  1867,  p.  18. 
t  The  Annual  Report  of  Chief  of  Engineers  for  1880,  Appendix  K.  K. 


26  Bowie  on  Mining  Debris  in   California  Rivers. 

The  low  water  discharge  of  the  Sacramento  River  at  the  city 
of  Sacramento  below  the  entrance  of  all  its  tributaries,  is  from 
5,000  to  6,000  cubic  feefc'per  second.*  The  Feather  discharges 
1,800  cubic  feet  per  secoud,  and  200  cubic  feet  per  second  come 
from  the  American  River,  leaving  4,000  cubic  feet  per  second  as 
the  supply  from  the  Upper  River. 

Between  Stony  Creek  and  Butte  Slough,  the  Sacramento  River 
is  very  irregular  in  width  and  depth.  The  laud  on  both  sides 
of  it  is  from  one  to  ten  feet  below  the  river,  the  banks  of  which 
readily  cave.  The  greatest  depression  is  from  two  to  seven  miles 
distant  from  the  channel.  During  periods  of  ordinary  high 
flood,  the  channel  is  inadequate  to  discharge  the  water  of  the 
river,  which  consequently  leaves  its  bed  and  flows  into  Butte 
basin,  into  which  flow  also,  the  waters  from  Butte  and  Table 
Mountain  creeks,  emptying  thence  through  Sutter  basin  into 
the  river  lower  down. 

During  flood  periods  "the  tributary  streams  sometimes  enter 
the  river  with  power  sufficient  to  control  the  main  stream  for  a 
time.  In  some  cases  they  actually  form  a  dam  by  their  entrance, 
interrupting  the  stream  and  sending  the  current  both  up  and 
down.  They  attack  the  bank  of  the  river  opposite  to  their  own 
mouths  and  crumble  it  with  a  mighty  force.  At  the  same  time 
they  leave  in  the  bed  of  the  main  river  large  deposits  of  material, 
which  acting  as  a  barrier  direct  the  main  stream  into  a  new 
course,  and  force  it  to  attack  the  less  resisting  banks.  This 
temporary  control  of  the  main  river  by  a  tributary  is  illustrated 
in  a  number  of  cases.  Stony  Creek,  in  the  Upper  River,  does 
it  in  flood,  and  lower  down  the  same  thing  occurs  at  the  mouth 
•of  the  American  and  Feather  rivers,  and  still  lower  at  the  mouth 
of  Cache  Creek  Slough. "f 

Following  the  main  river  down  from  Butte  Creek,  with  its 
crooked  course  between  firm  banks,  through  whirls  and  eddies, 
to  Sycamore  Slough,  at  Knight's  Landing,  a  distance  of  49.8 
miles,  low  basins  are  observed  flanking  it  on  both  sides, 
from  three  to  seven  miles  distant,  and  from  five  to  fifteen  feet 
below  the  elevation  of  its  bank.     The  ground  falls  away  rapidly 

For  details  see  Physical  Data  and  Statistics  of  California  pp.  412,  415,  476,  477. 
t  Appendix  KK,  Chief  of  Engine  m,  R;p.  1880.  p.  2240. 
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from  the  banks  to  the  basins,  and  in  places  the  fall  is  as  much 
as  12  feet  per  1,000. 

The  inclination  of  the  river  bed  for  this  stretch  is  less  than 
between  Stony  Creek  and  Butte  Slough.  The  channel  is  mate- 
rially smaller,  and  does  not  discharge  to  exceed  one-half  the 
waters  brought  to  it  in  ordinary  high  flood,  although  it  receives 
no  drainage  from  the  east  side.  Sutter  basin  lies  between  the 
Sacramento  and  Feather  rivers,  each  acting  as  a  main  drain  for 
that  section  of  the  valley.  The  drainage  from  the  west  empties 
into  Colusa  Basin,  whose  natural  outlet  is  through  Lower  Syca- 
more Slough  into  the  river. 

"  In  ordinary  flood  periods  there  is  no  drainage  for  this  basin, 
"  as  the  flood  elevation  at  the  lower  end  of  this  drain  is  13  feet 
"  above  the  general  elevation  of  the  valley."*  So  that  the  Coast 
Kange  drainage  can  only  be  carried  off  after  the  river  flow  sub- 
sides. 

From  Knight's  Landing  to  the  mouth  of  the  Feather  the  dis- 
tance, on  an  air  line,  is  only  5.5  miles;  but  by  the  river, 
with  its  contracted  and  irregular  channel  with  a  slight  incli- 
nation, it  is  14.8  miles,  both  sides  of  which  are  flanked  by 
low  basins — the  Sutter  on  the  north  and  the  Yolo  on  the  south 
side.  The  river  has  been  partly  leveed,  but  crevasses  are  of 
annual  occurrence,  and  the  floods  pour  into  both  basins. 

Descending  the  Sacramento  below  the  Feather  to  the  Ameri- 
can, a  distance  of  19.7  miles,  the  channel  is  noticeably  better  and 
larger.  The  banks  are  generally  good,  only  one  notably  bad 
place,  "The  Sis-mile  Shoal,"  being  encountered;  and,  "not- 
withstanding," says  the  State  Engineer,  "  the  changes  alluded 
to  [raising  of  bed  by  mining  detritus,  etc.],  it  is  a  better  one  to 
deal  with  in  this  division  than  the  other  mentioned. 'f  The 
Yolo  basin  flanks  it  on  the  west  and  the  American  basin  on  the 
east.  The  levees  are  poor,  and  the  flood  waters  discharge  into 
both  basins. 

From  the  mouth  of  the  American  River  to  the  head  of  Grand 
Island,  27.7  miles,  the  Sacramento  receives  no  tributaries,  the 
river   being  flanked   by  the   Yolo  basin   on   the  west  and  the 

♦Report  of  the  State  Engineer,  Parti,  p.  19. 
t  State  Engineer's  Report,  1880,  p.  19. 
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Mokelumne  basin  on  the  east.  The  surface  of  the  ground  falls 
away  from  the  river  banks,  necessitating  levees  to  protect  the 
land.  The  levees  on  the  east  side  are  said  to  be  well  built, 
while  those  on  the  west  side  are  poorly  constructed.  The  slope 
of  the  channel  in  the  upper  portion  of  this  section  is  greater 
than  in  tbe  preceding  one,  but  at  the  lower  end,  as  it  approaches 
a  bifurcation  of  the  stream  at  Grand  Island,  the  inclination  de- 
creases. 

Grand  Island,  which  divides  the  stream,  is  surrounded  by  a 
levee.  That  portion  of  the  river  flowing  around  its  west  side  is 
called  Steamboat  Slough,  and  that  on  the  east  side  is  designated 
as  Old  River.  These  branches  subsequently  unite,  the  distance 
by  Old  River  channel  being  18  miles,  and  by  Steamboat  Slough 
10  miles. 

Grand  Island,  from  its  position,  has  the  effect  of  reducing  the 
grade  of  the  channel,  shoaling  the  stream  and  checking  the  flow 
of  the  water,  which  is  demonstrated  by  the  fact  that  at  "  flood 
stage  for  miles  above  the  head  of  Grand  Island,  the  grade  of  the 
water  line  is  only  0.28  feet  per  mile,  while  below  the  same  point  at 
the  same  stage  on  Steamboat  Slough  the  grade  is  0.75  feet  per 
mile,  and  Old  River  is  0.43  feet  per  mile."* 

From  Grand  Island  to  the  junction  of  the  Sacramento  and 
the  San  Joaquin,  opposite  Collinsville,  a  distance  of  15.8  miles, 
the  river  flows  in  one  channel,  except  opposite  Rio  Vista,  where 
"Ward  Island  makes  a  division  of  about  a  mile.  The  waters  of 
Old  River,  Steamboat  Slough  and  those  from  Yolo  basin,  west 
of  the  river,  (from  the  overflow  of  the  Sacramento  on  that  side 
below  Knight's  Landing  and  from  the  fljods  of  Cache  and  other 
creeks  which  drain  the  Coast  Range,)  are  here  united.  The 
channel  is  irregular  in  depth,  with  a  notably  narrow  place  and  a 
wide  shallow  stretch  which  obstruct  flood  waters,  while  the 
banks  are  generally  low  and  swampy.  Opposite  Collinsville,  at 
the  junction  of  the  two  rivers,  there  is  a  large  shoal  which  ob- 
structs the  flood  waters  from  the  Sacramento. 

It  is  evident,  from  what  has  been  stated,  that  local  defects  in  the 
channel  of  the  Sacramento  have  always  prevented  its  discharging 
the  waters  from  ordinary  high  flood.     "For  106   miles  above 

*  State  Engineer's  Report,  1880,  Part  I,  p.  26. 
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Butte  Slough  there  is  a  channel  of  greater  grade  and  greater 
dimension  tban  there  is  for  64£  miles  below  the  mouth  of  Feather 
Kiver.  The  Six-mile,  Haycock's,  Hog's  Back,  Iron  House  and 
Newtown  shoals,  lower  down,  bar  the  free  passage  of  flood  water, 
as  do  the  deeper  and  better  formed  reaches  of  channel  above 
and  below  them."* 

The  defective  levee  system  has  impaired  the  capacity  of  the 
channel  and  disturbed  the  equilibrium  of  the  streams,  causing 
eddies,  whirls  and  bars.  In  the  lower  reaches  of  the  river  the 
levee  system  has  throttled  the  stream,  thus  reducing  the  grade 
and  the  rate  of  discharge  and  increasing  the  rate  of  deposit. 
The  crevasses  have  occasioned  divisions  of  the  stream,  and 
the  flood-carrying  capacity  is  diminished  by  the  shoaling  which 
occurs  below  each  division  and  scouring  action  is  greatly  im- 
paired. The  discharge  of  sands  from  the  mining  operations  has 
reduced  the  carrying  capacities  of  the  stream,  and  has  also 
caused  changes  in  the  channels  below,  but  their  precipitation 
and  retention  in  the  last  mentioned  channels  has  been  greatly 
increased  by  the  causes  which  have  been  mentioned  above. f 

The  washing  of  the  river  banks  and  the  levees  by  the 
action  of  waves,  steamers  and  vessels,  and  the  erosion 
due  to  tidal  action,  do  not  appear  ever  to  have  been  touched 
upon  in  relation  to  the  shoaling  and  depositing  of  material 
in  the  Sacramento  and  other  navigable  streams.  As  illus- 
trative of  the  action  of  vessels  and  steamers,  can  be  cited  Mr. 
Ure,  who  says  that  "on  the  Clyde,  steamers,  going  at  the 
rate  of  eight  or  nine  miles  an  hour,  produce  a  swell  which 
commences  to  rise  when  the  vessel  is  two  or  three  miles  off," 
*  *  *  "  the  swell,  increasing  as  the  steamer  approaches,  be- 
coming a  wave  of  translation,  breaking  on  the  mud  walls  nearly 
abreast  of  the  vessel,  following  her  on  her  course  as  a  violent 
breaking  wave  measuring  sometimes  8  to  10  feet  from  the  hollow 
in  the  channel  to  the  crest  on  the  wall. "J  These  waves  have 
been  denominated  the  waves  of  displacement. 

*State  Engineer's  Report,  1880,  p.  10. 
t  State  Engineer's  Report,  Part  I,  p.  11. 

Note. — The  general  details  of  the  description  of  the  Sacramento  have  been  condensed 
from  the  official  reports  of  the  State  Engineer,  Wm.  Hammond  Hall. 
%  Canal  and  River  Engineering,  by  Davis  Stevenson,  pp.  20,  21. 
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Data  for  estimating  the  amount  of  material  contributed  annu- 
ally, by  the  general  erosion  and  denudation  of  the  surrounding 
country,  to  the  streams  of  this  State  do  not  exist. 

The  investigations  on  the  subject  of  erosion,  made  by  T.  Mel- 
lard  Reade,  C.  E.,  show  that  the  annual  discharge  of  solids  in 
solution  equals  for  the  Rhine  92.3  tons  per  square  mile;  for  the 
Rhone,  at  Avignon,  232  tons  per  square  mile;  and  fcr  the  Danube, 
72.7  tons  per  square  mile.  He  considers  that  over  the  en- 
tire world,  there  may  be  every  year,  dissolved  by  rain,  100  tons 
of  rocky  matter  per  English  square  mile  of  surface.* 

According  to  Messrs.  Humphreys  and  Abbott,  the  average 
proportion  of  sediment  contained  in  the  waters  of  the  Missis- 
sippi is  -3-5V0  by  weight,  or  8 9L0 0  by  volume.  But  besides  the 
matter  held  in  suspension,  they  observed  that  there  was  a  cer- 
tain amount  of  material  being  pushed  along  the  bottom  of  the 
river.  The  conclusions  they  reached  were  that  the  Mississippi 
discharged  annually  19,500  000  million  cubic  feet  of  water,  and 
that  the  weight  of  mud  annually  aggregated  813,500  million 
pounds.  The  total  annual  contributions  of  earthy  matter, 
whether  in  suspension  or  moving  along  the  bottom,  they  esti- 
mated to  equal  a  prism  268  feet  in  height,  with  a  base  of  one 
square  mile  —  which,  reduced  to  Reade's  basis,  shows  an  annual 
erosion  of  210  tons  per  square  mile. 

The  Granges,  according  to  Everest,  carries,  during  four  months 
of  flood,  earthy  matter  in  a  proportion  of  ¥^g  by  weight,  the 
mean  average  for  the  year  being  7]„  by  weight. 

The  topography  of  the  great  valley  has  resulted  from  a 
complicated  series  of  operations.  The  change  of  level 
on  different  parts  of  its  surface  was  the  beginning  of 
erosion,  and  the  work  of  the  rain  and  running  streams 
at  once  commenced  to  show.  The  steeper  the  grade  the 
greater  has  been  the  eroding  power  of  the  water,  which  in- 
creased in  a  rapid  ratio  with  the  increase  of  velocity.  There- 
fore in  this  subaerial  erosion,  the  quantity  of  rain  which  falls 
is  an  element  of  prime  importance. 

In  a  region  like  the  Sierra,  which  flanks  the  great  valley,  on 

*See  address  to  Liverpool  Geological  Society,  1877. 
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the  east,  other  things  being  equal,  on  account  of  the  large  pre- 
cipitation, erosion  will  be  the  greatest.  This  will  be  modified 
by  the  condition  of  the  country,  character  of  the  rocks,  joints 
and  cleavage  planes,  lines  of  stratification,  tendency  of  the  rock 
to  decompose  on  exposure  to  the  air,  amount  and  rapidity  of 
the  variation  of  temperature,  and  finally  the  form  of  depression 
in  which  the  water  begins  to  run  as  the  result  of  the  preceding 
orographic  disturbances. 

"  In  applying,"  says  Prof.  Whitney,  "  these  considerations  to 
the  resulting  forms  of  valley  sections,  we  come  to  the  following 
conclusions: 

"As  a  general  rule,  large  stream*  in  correspondingly  broad 
valleys,  with  cross-sections  closely  approaching  straight  lines, 
the  amount  of  the  depression  is  but  trifling,  compared  with  the 
lineal  extent  included  within  the  edges  of  the  water-shed.  The 
higher  we  ascend  into  the  mountains  the  smaller  the  stream."* 

The  water  of  a  river,  "  in  its  efforts  to  attain  a  uniform  flow," 
is  constantly  cutting  away  the  narrow  places  and  filling  in  the 
larger  sections,  and  as  the  volume  discharged  by  the  several  sec- 
tions is  the  same  in  any  given  stage  of  water,  though  the  areas 
are  different,  the  mean  velocity  at  the  different  places  is  con- 
stantly varying;  consequently  material,  such  as  sand  and  sedi- 
ment, which  would  be  detrimental  to  the  bed  of  a  stream,  is 
carried  in  discontinuous  suspension.  This  result  must  necessa- 
rily follow  when  a  stream  flowing  through  a  plain,  increases  its 
length,  thus  diminishing  its  fall  and  consequently  reduces  its 
velocity. f  The  solid  matter  which  it  carries  is  deposited  in  its 
channel  wherever  the  current  is  checked,  and  the  bed  is  thus 
raised.  Hence,  the  tendency  of  a  river  is  to  deteriorate  when 
left  to  itself,  and  the  discharge  capacity  of  its  channel  becomes 
less. 

When  a  river  has  partially  adjusted  itself  to  any  given  stage, 
the  stage  changes,  and  cutting  and  filling  at  new  points  again 
begin.     As  illustrative  of  the  changes  due  to  great  variation  of 

*  Whitney's  Auriferous  Grades  of  the  Sierra  Nevada,  pp.  339-340. 

See  Three  Problems  in  River  Physics,  by  Prof.  J.  B.  Johnson.— Van  Nostrand's  Engi- 
neering, September,  1885. 

t  See  Report  of  Mississippi  River  Commission  for  1881,  Plate  7,  p.  120. 
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width,  can  be  mentioned  an  actual  case  at  Plumb  Point,  on  the 
Mississippi  River,  where  the  following  extremes  were  found  in 
1879  on  a  reach  eight  miles  in  length.* 


WIDE  SECTION. 


NARROW  SECTION. 


Surface  width  f  High  water. . 

in  feet,        \  Low  water.  . 

Mean  depth  (  High  water  . . . 

in  feet,     \  Low  water..   .. 

Area  of  section  f  High  water 

in  square  feet,    I  Low  water. 

Mean  velocity  f  High  water. 

in  ft.  per  sec,  \  Low  water.. 

Fall  per  mile  f  High  water  . . 

in  feet,       \Low  water... 


1,680. 
1,375. 
60.7 
23.9 
94.500. 
68,500. 
10.1 
1.15 
1.75 
0.07 


The  low-water  wide  section  had  a  mean  velocity  of  2.65  feet 
per  second,  while  the  narrow  section  had  a  mean  velocity  of  1.15 
feet  per  second.  At  the  high-water  stage  the  conditions  are 
reversed.  The  wide  section  has  a  mean  velocity  of  3.67  feet  per 
second,  while  the  narrow  section  has  a  mean  velocity  of  10.1 
feet  per  second.  The  wide  section  was  some  eight  miles  above 
the  narrow  one.  The  river  is  thus  seen  to  be  cutting  out  the 
shoal  and  filling  up  the  pool  in  low  water,  and  cutting  out  the 
pool  and  filling  on  the  succeeding  shoal  in  high  water. 

Between  November  13  and  January  3  the  total  scour  over  the 
reach  above  referred  to  was  350,000,000  cubic  feet;  enough  to 
cover  1  square  mile  to  the  depth  of  12i  feet.  "It  is  not  uncom- 
mon for  the  shoal  places  to  be  built  up  as  much  as  from  6  to  10 
feet  in  time  of  high  water,  so  that  the  bottom  of  the  river  is  then 
higher  than  the  surface  of  the  water  will  be,  after  this  same  fill 
has  been  cut  out  by  succeeding  low  water.  In  other  words,  the 
river  bed  is  a  succession  of  narrow,  deep  pools,  alternating  with 
wide  shoals.  The  pools  are  in  the  bends,  and  the  shoals  are  on 
the  crossings.  The  shoals  are  like  so  many  dams,  50  to  75  feet 
in  height,  stretching  across  the  river  bottom  say  every  10  miles. 
In  high  water  these  dams  are  built  several  feet  higher,  and  the 
narrow  pools  are  dug  several  feet  deeper.     In  time  of  low  water 


'See  Report  of  Mississippi  River  Commission  for  1881,  p.  69. 
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the  dams  are  scoured  down  several  feet,  and  the  material  depos- 
ited in  the  succeeding  pool.  What  is  true  of  the  Mississippi 
River  on  a  large  scale  is  true  on  every  stream  flowing  on  friable 
bed,  on  a  corresponding  scale."* 

It  is  estimated  that  the  denudation  of  the  Sacramento  basin 
due  to  natural  causes  at  the  rate  of  that  of  the  Po  would  amount 
to  43,000,000  cubic  yards  per  annum;  at  the  Rhone  rate,  21,- 
950,000  cubic  yards;  at  the  Ganges  rate,  13,230,000  cubic  yards; 
at  the  Mississippi  rate,  5,592,110  cubic  yards.  Applying  the 
Po  rate  of  denudation  (which  more  closely  resembles  the  Sac- 
ramento River  and  valley  in  all  its  physical  features  than  any 
other  river)  to  the  mining  field  of  the  Tuba,  Bear  and  American 
rivers,  there  would  be  an  annual  contribution  from  this  source 
aggregating  6,000,000  cubic  yards  of  material  and  a  correspond- 
ingly larger  amount  from  the  agricultural  regions. f 

A  glance  at  the  charts^  shows  that  large  contributions  to 
land  building  have  been  made  at  the  delta  of  the  San 
Joaquin  and  Sacramento  rivers.  This  delta  may  be  taken  to 
include  all  land  classed  as  swamp  and  overflowed,  comprising  in 
all  more  than  500  square  miles.  In  this  area  are  the  following 
islands:  Union,  Roberts,  Bouldin,  Staten,  Andrus,  Brannan, 
Tyler,  Grand,  Schoolcraft,  Twitchell  and  Sherman.  All  of  this 
land  is  of  comparatively  recent  formation,  and  is  the  product  of 
natural  action,  affected  inappreciably,  if  at  all,  by  mining  opera- 
tions. This  land  is  made  by  deposits  of  sediment  brought  by  the 
two  rivers  mentioned,  with  the  aid  of  their  numerous  tributaries, 
from  the  high  lands  which  flank  their  respective  valleys  on 
either  side.  Of  the  truth  of  this  statement  no  one  can  have 
any  doubt.  The  period  of  time  during  which  this  depositing 
action  has  been  at  work  is  of  course  unknown.  Further  ytudy 
would  doubtless  show  it  to  be  a  probable  conclusion,  that  other 
areas  of  considerable  dimensions  lying  in  the  great  valley  of 
California,  now  claimed  as  high  lands,  were  at  a  remote  period 
marsh  or  tule  lands,  and  have  since  been  raised  by  silt  deposited 

*Three  Problems   in  River  Physics,  by  Prof.  J.  B.  Johnson,  from   Proc.   Am.  Assoc. 
for  the  Advancement  of  ScieDce. 
t  House  of  Representatives,  47th  Congress,  1st  Session.— Ex.  Doc.  No.  98,  p.  27. 
\  See  Plate  III. 
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by  floods  from  adjacent  streams.  This  process  of  formation  may 
to-day  be  witnessed  at  the  outfall  of  Putah  and  Cache  creeks  in 
the  Yolo  basin,  which  each  year  reclaim  a  portion  of  the  low- 
lying  land  by  deposition  of  detritus  from  lands  lying  above. 

It  may  reasonably  be  concluded  that  agricultural  operations, 
by  breaking  up  the  soil,  favor  its  movements  down  the  hill 
slopes  to  the  channels  of  the  creeks.  One  can,  therefore,  feel 
assured  that  land  building  is  now  progressing,  due  to  natural 
drainage  action,  by  reason  of  extended  cultivation  of  the  soil, 
at  a  more  rapid  rate  than  has  hitherto  been  witnessed. 

At  one  time  the  marsh  lands  surrounding  the  bays  of  San 
Francisco  and  San  Pablo  were  wastes,  while  the  neighboring 
hills  were  covered  with  grass.  It  is  to  be  observed  that  no 
streams  larger  than  creeks  enter  these  bays,  and  it  is  a  fact 
worthy  of  note  that  wherever  a  creek  discharges,  a  large  area  of 
marsh  land  is  found.  The  settlement  of  the  country,  the  break- 
ing up  of  the  soil,  and  the  great  fall  of  the  streams  and  rain, 
have  favored  the  erosion  and  transportation  of  earthy  materials. 
To  these  and  natural  causes  may  be  attributed  the  making  of 
more  than  two-thirds  of  the  new  land  within  the  limits  of  the 
bay,  including  the  entire  southern  end  of  San  Francisco  Bay, 
where  both  shores  are  fringed  by  a  marsh  from  one  to  three 
miles  wide,  and  also  the  marshes  in  San  Pablo  Bay.  All  the 
marsh  and  overflowed  land  in  the  vicinity  of  the  out- 
let into  the  Bay  of  Napa  and  Petaluma  creeks  comes  from  the 
deposits  of  Petaluma,  Napa  and  Sonoma  creeks.  The  marshes 
below  Napa,  and  the  deposits  in  the  vicinity  of  Mare  Island 
Strait  near  the  Navy  Yard,  are  due  to  the  discharge  from  Napa 
Creek.  The  land  made  along  the  shores  of  the  rivers  and 
adjacent  to  their  mouths,  together  with  the  low  marshes 
which  are  very  extensive,  are  the  result  of  the  work  of  the  rivers. 
"  The  formation  of  these  littoral  marshes,  their  gradual  conver- 
sion by  successive  growth  of  deposits  into  upland,  and  whatever 
portion  of  the  shoaling  in  Suisun  Bay  not  due  to  local  creeks, 
represent  the  past  work  of  the  rivers.  These,  then,  are  the  great 
natural  causes,  favored  by  peculiarities  of  climate  and  topogra- 
phy, which  have  in  past  ages  reduced  the  bay  to  a  small  propor- 
tion of  its  original  area.     These  causes  are  still  at  work,  and 
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must  continue  to  work,  whatever  other  conditions  prevail.  It  is- 
impossible  now  to  say  how  fast  these  changes  are  going  on.  So- 
far  as  the  small  creeks  are  concerned,  the  inquiry  hardly  seems 
to  be  practical,  for  the  reason  that  we  are  powerless  to  prevent 
their  action."* 

A  subject  which  has  attracted  but  little  attention  is 
the  destruction  of  the  forests  on  the  mountain  sides, 
and  the  unrestricted  pasturage  of  large  herds  of  stock, 
but  particularly  of  sheep.  These  two  causes  have,  year 
by  year,  increased  the  natural  denudation  not  only  in  the  mining 
regions  but  in  the  southern  portion  of  the  State,  where  little  or 
no  mining  is  prosecuted.  It  is  especially  noticeable  in  the 
Feather  River  basin,  to  which  attention  has  been  called  in  the 
United  States  official  reports.  The  Pacheco  Valley,  in  Contra 
Costa  county,  is  another  instance  near  our  city  where  the  result 
of  agricultural  operations  is  very  pronounced,  as  the  lower  por- 
tion of  this  valley  has  been  raised  nearly  ten  feet,  and  there  is. 
not  a  mine  of  any  kind  on  its  drainage  area. 

It  is  a  well  known  fact  that  at  Caliente,  the  Southern  Pacific 
Railroad  Company  has  of  late  been  compelled  to  raise  the  level 
of  its  tracks,  which  a  few  years  ago  were  placed,  as  it  was  sup- 
posed, 10  to  12  feet  above  all  probable  danger.  To-day  the  beds 
of  the  streams  have  raised  to  the  level  of  the  former  railroad 
beds,  and  the  company  has  been  forced  to  change  the  line. 
Still  further  south,  at  Los  Angeles,  the  river  which  flows  through 
the  city  of  Los  Angeles,  has  of  late  years  raised  its  bed  so  that 
the  surrounding  country  is  now  threatened  with  an  overflow 
should  a  wet  season  occur.  The  San  Gabriel,  Santa  Anna  and 
San  Diego  rivers  are  also,  in  flood  time,  literally  rivers  of  sand; 
yet  there  is  not  a  mine  on  any  of  them. 

The  cause  of  these  troubles  is  directly  attributable,  in  addition 
to  natural  causes,  to  the  cutting  of  trees  on  the  mountain  sides, 
and  the  unrestricted  pasturage  of  stock,  and  also  to  the  work  of 
the  farmer. 

Attention  has  been  called  to  these  different  facts  for  the  pur- 
pose of  showing  what  the  natural  agencies  are,  which  affect  this 

*  House  of  Representatives,  46th  Congress,  3d  Session.— Ex.  Doc.  No.  93,  p.  5. 
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State.  It  is  therefore  not  astonishing  that  the  Sacramento  River 
or  any  other  stream  in  the  valley  should  overflow  its  banks  and 
submerge  the  country  during  flood  season.  But  it  is 
not  possible  to  see  how  it  can  be  averted,  and  left  to  itself,  from 
natural  causes  alone,  this  condition  of  affairs  cannot  be  other- 
wise than  annually  progressively  worse. 

The  raising  of  the  beds  of  these  drainage  channels  or  rivers, 
thus  affecting  more  or  less  with  each  succeeding  flood,  the  ad- 
jacent land,  which  is  lower  than  the  channels  themselves,  is  the 
damage  which  is  attributed  to  hydraulic  mining,  without  any 
consideration  of  the  causes  which,  in  accordance  with  the  law  of 
nature,  act  more  constantly  and  on  a  much  grander  scale.  Had 
there  been  no  mining,  the  same  result  would  have  followed. 

The  annexed  profile  illustrates  the  relative  grades  of  the  plio- 
cene and  present  channels  of  the  American  and  Yuba  rivers, 
showing  what  has  occurred  from  natural  causes,  independent  of 
any  additions  from  mining.     (See  Plate  IV.) 

HOW  THE  NAVIGABLE  STREAMS  HAVE  BEEN  EFFECTED. 

The  navigable  waters  are  the  channels  of  the  great  bay,  the 
Feather,  Sacramento  and  San  Joaquin  rivers.  There  are  no  old 
surveys  available  with  which  recent  charts  can  be  compared,  so 
as  to  show  an  accurate  record  of  the  changes  which  have  taken 
place  during  the  past  generation.  From  partial  records,  and 
well  established  facts  developed  by  inquiry  and  investigations,  a 
fair  general  comparison  can  be  made  of  the  former  and  present 
conditions  of  the  Sacramento  River  before  the  entrance  into  it  of 
mining  detritus.  The  gauge  readings  of  the  low  stage  of  the 
Sacramento  River  observed  at  Sacramento  at  different  periods 
since  1849,  show  a  continuous  rise  with  some  anomalies.  The 
zero  of  the  gauge  at  the  foot  of  K  street,  was  placed  in  1849  at 
3.85  feet  above  the  mean  of  lowest  low  water  at  the  junction  of  the 
Sacramento  and  San  Joaquin  rivers.  The  gauge  readings  of  the 
low  water  stage  were  as  follows:* 

*  House  of  Representatives,  47th  Congress,  1  Session  (Ex.  doc.  No.  98,  p.  29.) 


Bowie  on  Mining  Debris  in  California  Rivers.  37 

Feet. 
1849  low  water  reading Zero 


1854 
1869 
1874 
1875 
1876 
1877 
1878 
1879 
18S0 
18S1 
1885 


1.75 

2.9 

4.9 

4.5 

7.1 

5.3 

5.5 

5.8 

7.4 

65 

7.5 


It  is  evident  that  the  low  water  plane  of  the  Sacramento  has 
been  raised  about  7  feet  since  1819.  This  elevation  of  the  bed 
has  affected  the  tidal  influence  as  high  up  as  the  mouth  of  the 
Feather  River,  25  miles  above  Sacramento.  This  influence,  which 
formerly  amounted  to  2  feet  at  Sacramento,  is  now  no  longer  visi- 
ble above  Heacock's  Shoals,  9  miles  below  Sacramento.  The 
tide  within  the  last  30  years  rose  on  these  shoals  as  much  as 
3  feet.  The  Russian  Embarcadero,  10  miles  below  Sacramento, 
was  formerly  3  feet  out  of  water  at  the  low  stage,  but  in  1878 
it  was  \\  feet  under  water,  showing  a  rise  of  4|  feet. 

The  low  water  level  of  1852  was  fixed  at  Green's  Ferry,  3 
miles  above  Courtland  by  the  level  at  which  the  branches  of  a 
tree  were  cut  off  in  that  year,  for  the  accommodation  of  a  ferry 
boat.  This  level  is  4  feet  below  the  level  of  1878.  Corroborative 
evidence  of  the  rise  of  the  bed  is  also  afforded  by  trustworthy 
evidence  at  Hog's  Back  and  at  Ida  Island.  Tue  changes 
of  level  at  Sacramento  in  1380,  were  5  to  5k  feet;  at  the  mouth 
of  the  Feather,  3  or  4  feet;  and  at  the  head  of  Steamboat  Slough, 
li  to  2h  feet.*  The  rise  of  the  low  water  plane  indicates  fillings, 
not  so  much  in  the  pools  of  the  river  as  on  the  shoals.  All  the 
shoals  below  Sacramento  are  found  to  consist  of  detritus  from 
all  sources. 

Assuming  that  the  filling  in  of  the  pools,  has  kept  pace  with 
the  rise  in  the  low  water  plane,  the  general  filling  of  the  bed 
between  the  Feather  River  and  Sacramento  City,  a  distance  of 

*  Report  of  State  Engineer,  1880,  p.  31. 
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25  miles,  would  be  5  feet,  and  for  the  60  miles  below  Sacramen- 
to an  average  of  about  3  feet,  exclusive  of  the  deposit  in  Steam- 
boat Slough. 

The  official  survey  of  1854,  covering  about  2  miles  of  the  river 
in  front  of  Sacramento  City,  was  compared  by  the  State  Engi- 
neer with  the  condition  of  the  river  in  1879,  showing  a  maximum 
fill  of  35  feet  and  an  average  of  15  feet.* 

Resurveys  of  these  sections  in  1884  show  the  changes  which 
bave  since  taken  place  here.f 


Loss  of  Sectional  area. 

Locality. 

1854-1878                 1878-1885 

Area, 
1885 

Square  feet. 

8,000 
8,070 

11,040 
9,520 

14,980 

11,970 

3,550 
2.640 

2,7eo 

3,3i0 
2,110 

2,970 

2,970 

3,290 

2,840 

2,700 

800  ft.   below   moufh   of  American 

2,890 
2,310 

Estimates  in  detail  of  the  aggregate  deposits  in  the  Sacra- 
mento River  occurring  during  the  last  35  years  are  not  possible, 
as  specific  information  similar  to  the  above  cannot  be  given  for 
the  whole  river. 

Steamboat  Slough,  formerly  used  for  navigation,  has  now  an 
average  depth  of  only  4  feet  at  low  tide,  and  navigation  through  it 
has  therefore  been  abandoned.  Old  River  is  still  navigable,  and, 
although  the  effective  depth  is  somewhat  less,  owing  to  the  par- 
tial decrease  of  tidal  influence,  the  bars  at  low  water  do  not 
appear  to  have  altered,  though  an  increase  in  the  slope  of  the 
stream  will  ultimately  affect  them. 

Although  there  have  been  large  deposits  between  Sacra- 
mento City  and  the  mouth  of  the  Feather  River,  "  the  best  ac- 
cessible testimony  indicates  that  there  has  been  no  change  of 
effective  depth  worthy  of  notice.  "J 

The  Feather  River  never  was  navigable  above  Yuba  City,  op- 


*  State  Engineer's  Report,  1880,  p.  31. 

t  Annual  Report  Chief  of  Engineers,  U.  S.  A.,  1886. 

X  House  of  Representatives,  47th  Congress,  1st  Session.— Ex.  Doc.  No.  98,  p.  31. 


Bowie  on  Mining  Debris  in   California  Rivers.  39 

posite  Marysville.  It  is  still  navigable,  to  the  same  place, 
although  the  bed  of  the  river  has  raised  about  15  feet  above  low 
water  at  that  point.  The  increase  at  the  mouth  of  that  river  is 
said  to  be  3  or  4  feet.  la  1841,  the  Sacramento  River  was  sur- 
veyed by  Wilkes'  Exploring  Expedition.  Lieut.  RiDggold  was 
in  charge  of  this  department,  Lieut.  Alden  accompanying  him. 
According  to  Wilkes'  account,  "it  was  a  season  of  drought,  little 
rain  having  fallen  during  the  previous  winter.  *  *  *  Capt. 
Sutter's  crops  had  failed  for  want  of  rain.  *  *  *  Ten  miles 
above  Sutter's  Camp  (present  site  of  Sacramento)  the  launch  was 
left,  as  they  were  unable  to  cross  the  bar,  (probably  Russian 
Crossing).  The  boats  could  not  enter  Feather  River  without 
grounding  on  a  bar  across  its  mouth."*  No  mention  is  made  of 
the  existence  of  tide.  United  States  Government  investigations 
show  that  in  1878,  the  fill  at  the  mouth  of  the  Feather  was  five 
feet.f 

From  this  and  the  data  already  given,  it  is  seen  that  the  slope 
of  the  Feather  River  is  increased  four  inches  to  the  mile,  which 
shows  that  there  is  a  fill  in  this  portion  of  the  river  of  at  least 
ten  feet. 

The  San  Joaquin  does  not  show  evidence  of  important  changes 
in  the  channel.  \ 

In  respect  to  the  causes  tending  to  diminish  the  tidal  area  or 
prism  of  the  Bay  of  San  Francisco  and  the  commercial  value  of 
the  harbor  of  San  Francisco,  the  official  report  published  by  the 
House  of  Representatives  (46th  Congress,  3d  Session;  Ex.  Doc. 
No.  93),  shows — 

1st.  That  the  bar  at  the  entrance  of  San  Francisco  harbor 
has  suffered  no  injury  between  1855  and  1873.  A  later  survey, 
made  in  1884,  shows  no  difference  in  the  depth  of  water  on  the 
bar  at  that  date.  If  anything,  the  water  was  a  little  deeper,  and 
no  deposits  of  mud  are  known  to  exist  anywhere  this  side  of  the 
100  fathom  line,  which  is  20  miles  beyond  the  bar. 

2d.     Surveys  of  the  ship  channels  of  a  portion  of  San  Pablo 

*  Wilkes' Exploring  Expedition. 

t  House  of  Representatives,  47th  Congress,  1st  Session. — Ex.  Doc.  No.  98,  p.  31. 
JForty-seventh   Congress,  1st   Session,    House  of   Representatives. — Ex.  Doc.  No.  98, 
p.  29. 


40  Bowie  on  Mining  Debris  in  California  Rivers. 

Bay  made  in  1855, 1863, 1878,  show  that  between  1855  and  1863, 
no  deposits  of  importance  were  made  in  the  channels.  The 
surveys  of  1863  and  1878  show  that  over  an  area  of  24i  square 
miles  a  deposit  of  76,025,000  cubic  yards  was  made  in  that  inter- 
val, occurring  mainly  on  the  flanks  of  the  channels,  and  narrow- 
ing it,  showing  an  average  filling  of  about  3  feet,  but  without 
affecting  to  any  great  extent  the  ruling  depth,  and  that  6  cross 
sections  between  the  18  feet  contours,  show  a  reduction  of  22 
per  cent,  of  the  main  width  of  1855. 

3d.  That  3^  miles  on  the  Sacramento,  near  its  mouth,  and  1 
mile  at  the  mouth  of  the  San  Joaquin,  show  a  deposit  of  two 
million  cubic  yards  in  the  Sacramento,  and  500  000  in  the  San 
Joaquin  between  the  years  1867  and  1878,  also  in  the  corres- 
ponding period  the  area  of  the  shoals  in  Suisun  Bay  has  been 
extended,  and  during  different  periods  large  deposits  have  been 
formed  in  the  Straits  of  Carquinez. 

A  review  of  the  situation  shows  that  the  drainage  of  62,086* 
square  miles  reaches  the  Pacific  Ocean  through  the  Golden 
Gate,  of  which  26,187*  square  miles  are  drained  by  the  Sacra- 
mento and  its  tributaries,  31,895*  by  the  San  Joaquin,  which 
latter,  in  times  of  flood,  is  slightly  augmented  by  an  overflow  of 
the  basin  of  Tulare  Lake.  The  remaining  drainage  area  of 
4,001*  miles  comes  from  the  small  creeks  which  enter  the  great 
bay  along  its  shore.  The  amount  of  water  descending  the  west- 
ern slope  of  the  Sierras  into  the  great  valley  varies  exceedingly 
from  season  to  season,  and  >ear  to  year.  The  rivers  have  two 
seasons  of  high  water,  namely:  the  winter  season,  during  the 
rains,  and  the  spring  season,  when  the  snow  melts.  The  low 
water  discharge  of  the  Sacramento  approximates  6,000  cubic  feet 
per  second,  and  that  of  the  San  Joaquin  during  a  corresponding 
period  is  about  1,000  feet  per  second. 

While  the  snow  is  melting  in  the  spring  the  aggregate  dis- 
charge of  these  two  streams  approximates  100,000  cubic  feet  a 
second,  though  during  the  winter  flood  for  a  short  period  they 
may  deliver  200,000  or  300,000  cubic  feet  per  second.  The  great 
bay  is  75  miles  long.     The  northern  part  is  known  as  San  Pablo 

*  The  figures  marked  with  asterisk  see  Physical  Data  and  Statistics  of  California,  by 
W.  H.  Hall,  C  E.,  pp.  387,  388. 
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and  Suisun  bays,  and  the  southern  portion  as  San  Francisco 
Bay.  Official  surveys  show  their  respective  areas  to  be  as 
follows:* 


San  Francisco  Bay . . . 
San  Pablo  and  Straits 
Suisun  Bay 


Area  within  the 

6  ft.  contour. 

Acres. 


89,975 
47,668 
14,002 


Total  area 
within  high 
water  lines. 


173,163 
76,250 
31,937 


Area  between 
the  6  ft.  contour 
and  H.  W.  line. 


83,188 
28,582 
17,935 


The  total  tidal  area  tributary  to  the  Golden  Gate  (including 
the  estuaries  of  the  river  and  marsh  lands)  at  extreme  high  water 
is  740  square  miles,  while  the  area  of  the  bays  at  ordinary  high 
water  is  only  440  square  miles,  and  the  area  of  the  marsh  lands 
(level  of  ordinary  high  water)  is  300  square  miles. 

The  marsh  land  is  distributed  between  the  bays  in  the  propor- 
tions of  12,  9  and  10  respectively,  to  San  Francisco  Bay  (§),  San 
Pablo  Bay  and  the  Straits,  and  Suisun  Bay  (^). 

Of  the  440  square  miles  already  mentioned,  200  square  miles 
have  a  low  water  depth  of  less  than  6  feet. 

The  map  of  the  Harbor  Commission,  prepared  by  T.  J.  Arnold, 
C.  E.,  shows  that  the  State  of  California  has  conveyed  to  differ- 
ent parties  or  corporations,  a  strip  of  land  of  irregular  width, 
extending  the  whole  length  of  San  Francisco  Bay  and  along  the 
greater  part  of  San  Pablo  Bay,  and  aggregating  67,465  acres,  or 
105  square  miles,  all  lying  below  ordinary  high  water  mark.  A 
statute  of  March  31st,  1868,  amended  April  1st,  1870,  "provided 
for  the  sale  of  all  lands  remaining  unsold  in  the  City  and 
County  of  San  Francisco,  and  within  five  miles  of  the  exterior 
boundaries  to  the  depth  of  9  feet  at  extreme  low  water."f  (See 
Plate  V.) 

This  covers  an  extreme  length  of  26  miles  in  the  bays  of  San 
Francisco  and  San  Pablo,  amounting  to  nearly  one-quarter  of 
the  whole  high  water  area  of  the  bay. 


*  Measured  by  J.  R.  Mauran,  C.  E. 

t  House  of  Representatives,  46th  Congress,  3d  Session.— Ex.  Doc.  No.  93,  p.  7. 
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The  present  condition,  then,  of  the  great  bay,  San  Francis- 
co, San  Pablo  and  Suisun,  is,  that  of  the  740  square  miles 
(when  its  bordering  marshes  are  covered)  of  tidal  area,  300 
square  miles  have  been  made  land  (not  overflowed  by  ordi- 
nary tides)  by  natural  causes,  and  of  the  440  square  miles 
remaining,  one-quarter  has  been  disposedof  by  the  State 
to  corporations  and  others.  The  location  of  this  portion 
is  in  San  Francisco  and  San  Pablo  bays,  in  the  very  lo- 
cality where  it  has  its  greatest  value  as  a  tidal  reservoir.  Of 
the  unsold  area  of  tide  water  lands,  with  a  depth  of  less  than  6 
feet  low  water  mark,  it  can  be  stated  that  this  depth  will  in  time 
be  reduced  to  nothing  under  the  action  of  natural  causes.* 

On  the  Oakland  side,  the  United  States  Government  has  ex- 
tended a  solid  stone  jetty  for  a  total  length  of  9,750  feet.  The 
Central  Pacific  Railroad  Company  has  also  extended  a  pier  2J 
miles  long,  from  the  shore  to  the  24-foot  contour.  This  mole, 
outside  of  a  depth  of  9  feet  at  low  water,  is  of  timber  on  bents 
of  piles  8  or  10  feet  apart.  Inside  of  this  depth  there  is  a  solid 
filling,  about  6,600  feet  long  and  75  feet  wide  on  top.  South  of 
these  works  is  a  second  pier,  constructed  by  the  South  Pacific 
Coast  Railroad,  of  still  greater  length. 

The  extension  of  these  fillings  directly  into  the  bay  can  have 
no  other  effect  than  the  shoaling  of  all  land  between  terra  firma 
and  their  terminii. 

The  large  quantity  of  material  which  is  washed  down  from 
the  mountain  ranges  in  the  rear  of  Oakland  and  the  country  be- 
tween it  and  the  bay,  and  from  other  sources,  which  would 
otherwise  be  distributed  over  the  entire  area  of  the  bay 
will  be  here  deposited,  and  the  scouring  which  would 
be  occasioned  by  the  ebb  and  flow  of  the  tide,  is  here 
effectually  stopped.  No  more  efficient  way  of  filling  in  the 
bay  of  San  Francisco,  and  making  land  on  the  Oakland  side, 
could  have  possibly  been  undertaken,  with  better  assurance  of 
success,  than  what  is  being  accomplished  by  these  moles.  In 
fact,  in  river  engineering  it  is  by  means  of  such  works  that  the 
banks  of  streams  are  made  to  fill  up.     Dead  water  ensues   on 

*  See  Ex.  Doc.  No.  93,  House  of  Representatives. — 46th  Congress,  3d  Session,  p.  3. 
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both  sides  of  the  projection,  and  deposits  of  all  kinds  assist  in 
making  land. 

It  is  only  a  question  of  time  for  the  bay  to  be  filled  in  on  the 
Oakland  side,  along  the  great  length  of  the  moles  described. 
The  policy  of  such  work  has  never  been  questioned,  as  the 
attention  of  the  State  at  large  has  been  centered  on  other  sub- 
jects. The  filling  or  shoaling  of  the  bays,  coming  from  the 
sediment  discharged  from  the  Sacramento  and  San  Joaquin 
rivers,  is  insignificant  when  compared  with  the  fill  occasioned 
from  the  other  causes  mentioned. 

The  waters  of  San  Francisco  Bay  enter  and  discharge  through 
the  Golden  Gate  (which  measures  between  Fort  Point  and  Lime 
Point  at  a  low-water  cross-section  of  902,000  square  feet),  with  a 
maximum  depth  of  sixty-three  fathoms.  At  the  Heads,  between 
Point  Bonita  and  Point  Lobos,  the  low-water  cross-section  is 
1,101,615  square  feet,  with  a  maximum  depth  of  twenty-five 
fathoms.  The  bar  is  fourteen  miles  long,  and  has  a  low-water 
section  of  2,439,000  square  feet,  and  corresponding  depth  of 
from  ten  to  three  and  three-fourths  fathoms.* 

The  average  fall  of  the  large  ebb  tide  in  San  Francisco  Bay  is 
five  feet,  and  the  average  duty  of  the  ebb  current  to  produce  the 
changes  of  level,  supposing  the  bay  to  be  completely  emptied, 
must  be  fully  3,000,000  cubic  feet  per  second,  or  for  the 
period  of  maximum  action  of  the  ebb,  more  than  G, 000, 000  cubic 
feet  per  second.  With  the  spring  tides,  the  outflow  is  greater. 
The  landward  drainage,  therefore,  when  compared  with  the 
volume  contributed  by  the  tide,  is  absolutely  insignificant.  The 
average  stages  of  the  river-flow  is  hardly  one-tenth  of  the  tidal 
volume,  and  even  a  flood  of  400,000  cubic  feet  per  second  would 
not  half  equal  the  volume  that  the  tide  supplies  and  removes 
daily.  The  daily  ebb  and  flow  of  the  tide  is  nearly  four  times 
as  large  as  the  ordinary  discharge  of  the  Mississippi,  and  over 
two-thirds  of  its  maximum  flood  discharge.  The  scouring  action 
of  this  enormous  volume  of  water  is  what  preserves  the  bay  and 
what  makes  the  channels  and  the  estuaries  of  the  San  Joaquin 
and  Sacramento  rivers. f 

*  See  Vol.  Ill,  Transactions  of  the  Technical  Society  of  the  Pacific  Coast,  Jan.  and 
Feb.,  p.  12,  IT  4-3. 

t  Transactions  of  the  Tech.  Soc.  of  the  Pacific  Coast,  Vol.  III.,  pp.  3  and  4. 
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The  commercial  value  of  the  river  channels  for  vessels  and 
steamers,  when  compared  with  the  railroad  lines  of  communica- 
tion, is  indicated  by  the  transportation  of  freight  and  passen- 
gers. The  following  table  shows  the  total  amount  of  freight  and 
passengers  transported  by  steamers  and  vessels  on  the  Sacra- 
mento River  and  tributaries  for  the  year  ending  June  30,  1886: 

BY   BOATS    OF   THE   SACRAMENTO   TRANSPORTATION    COMPANY. 

Tons. 

From  San  Francisco  to  Sacramento — Merchandise 17,6j8 

Lumber    25,  COO 

Coal 3,760 

Sacramento  to  San  Francisco  -Brick 55,500 

Merchandise   3,760 

San  Francisco  to  Upper  Sacramento — Merchandise 12,575 

Lumber 8  500 

From  Sacramento  to  Upper  Sacramento — Merchandise 2,750 

From  Upper  River — Wheat,  bailey  aud  flour 94,549 

Wool,  broom  corn  and  hay 3,750 

Wood 25,000 

BY    BOATS    OF    SOUTHERN     PACIFIC    COMPANY. 

Between  San  Francisco  and  S  icramento — North 37,639 

Between  Sacramento  aud  San  Francisco — South 15.679 

TRADING   BOAT    "NEPONSET." 

From  Sacramento  to  Upper  Sacramento  River — Merchandise 1,500 

From  Upper  River  to  Sacramento — Wheat  aud  barley 1,000 

S.  F.  S.  CO.  AND    STEAMERS    "  D.  E.  KNIGHT,"    "  SILVIA"  AND   ''DAISY." 

From  Upper  Biver  to  Sacramento— Wheat  and  barley 10.433 

BOATS    OF    CALIFORNIA    TRANSPORTATION    COMPANY. 

From  Lower  Sacramento  to  San  Francisco — Fruit  produce 46,419 

Total  Sacramento  to  San  Francisco 365,512 

Passengers 11,600 

From  landiug  on  Feather  River  to  Nevada  Warehouse,  Yallejo  aud 

San  Francisco 10,497 

Fruit  and  other  merchand:se  from  Marysville  and  various  landings 

on  Feather  River  to  San  Francisco 1,928 

Merchandise  carried  from  San  Francisco  to  Marysville 8,057 ' 

20,482 
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The  above  statements  are  not  to  be  relied  upon  as  showing  the 
actual  river  tonnage.  It  is  in  excess  of  the  actual  tonnage,  as 
a  large  percentage  of  it  is  in  duplicate  —  that  is:  has  been 
counted  twice,  owing  to  transhipment  of  freight  from  lower  river 
boats  to  upper  river  boats.* 

The  passenger  and  freight  movement  over  the  lines  west  of 
El  Paso,  controlled  by  the  Southern  Pacific  system  (for  the  first 
quarter  of  the  year  reported  by  the  C.  P.  R.  R.  Co.,  and  for  the 
last  three  quarters  by  the  S.  P.  Co.),  as  compared  with  1884, 
was  as  follows: 

Pounds,   1884.  Pounds,  1885. 

Local  Freight 3,984,262,650  3,879,882,500 

Through  Freight 722,047,680  756,841,950 

Company  Freight. 1,030,510,710  854,830,120 

Total  5,736,821,010        5,491,554,570 

Passengers. 

Through,  Eastward  Bound 37,559  37,293 

Through,  Westward  Bound 58,428  59  772 

Local 2,225,979  2.123,137 

Ferry 6,451,887  6,574,939 

Total 8  773,853  8.795,141 


*  The  following   is   a   statement    of    the   wheat    transportation    of    the 

Sacramento  River  from  July  1st,  1886,  to  Jan.  1st,  1887 51,879  tons 

Shipped  in  January,  1887 3,400    " 

Remaining  in  warehouses  Feb.  1st,  1887 7,464    " 


Total  for  crop  of  1886 62,743  tons 

The  above  includes  all  points  north  of  Sacramento. 
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A  comparison  of  these  statements  appears  to  indicate  that  the- 
Sacramento  river  as  a  navigable  highway  is  of  very  little  import 
ance.  But  it  must  be  borne  in  mind  that  this  is  not  the  real 
standard  of  the  value  of  this  river  as  a  navigable  highway.  Its 
very  existence  is  what  assists  in  controlling  the  rates  of  travel 
and  transportation,  and  that  fact  alone  shows  the  necessity  of 
its  preservation. 

A  resume  made  by  Mr.  Petit,  concerning  the  three  great  trade 
routes  in  France,  and  published  in  the  Bulletin  des  Travaux  Pub- 
lics, 1881,  shows  the  following  interesting  comparison: 


Transit. 

Length. 

TONNAGE. 

Proportion  of  Tonnage 

Railways 

Navigable  rivers. 

Kilometers. 
24,383 
11,986 
37,462 

Miles. 
(15,141) 
(   7,432) 
(23,264 i 

Mean. 
415,394 
182,000 
39,400 

Kilometers. 

10,b01, 259,457 
2,174,531,000 
1,480,148,000 

Kilometers. 
75 
15 
10 

Total 

73,831 

(45,827- 

196,000 

14,455,938,457 

100 

Sir  Charles  A.  Hartley,  in  a  lecture  delivered  before  the  In- 
stitution of  Civil  Engineers,  very  significantly  remarks  that  rail- 
ways will  prosper  where  water  communications  languish,  when 
the  latter  labor  under  great  physical  difficulties.  That  since 
the  establishment  of  railways  in  England,  the  construction  of 
canals  and  the  improvement  and  canalization  of  rivers  have 
ceased  to  be  appreciable.  Such,  however,  is  not  the  case  on  the 
continent. 
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MINING    DEBRIS   IN    CALIFORNIA   RIVERS. 
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By  AUG.  J.  BOWIE,  Jr.,  Mem.  Tech.  Soc. 
Bead  March  4,  1887. 


Can  mining  be  successfully  prosecuted  and  harmonize  with 
those  interests  with  which  it  is  apparently  brought  into  conflict  ? 

To  solve  this  problem  satisfactorily,  there  must  be  full  infor- 
mation on  the  following  points: 

1st.  There  must  be  accurate  and  detailed  surveys  of  the 
whole  field,  including  the  sources  of  water  supply  and  the  dis- 
charges of  all  streams  and  tributaries,  with  their  flow  and  geo- 
logical actions. 

2d.  Examinations  showing  the  amount  of  detritus  now  dis- 
charged, and  which  will  probably  be  discharged,  into  the 
streams  from  the  mines  and  other  sources. 

3d.  Full  information  as  to  the  sites  for  barriers  and  reservoirs; 
the  character  of  barrier  required  to  be  built,  and  their  construc- 
tion. 

4th.  How  land  is  be  obtained  for  these  requirements,  and 
what  legislative  action  is  necessary  to  this  end. 
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5th.  Estimates  of  the  cost  of  erecting  and  maintaining  the 
works  necessary  to  impound  the  detritus. 

A  review  of  the  situation  shows  that  though  there  have  been 
no  complete  detailed  surveys  of  the  entire  field,  what  may  be 
properly  termed  a  reconnaisance  of  the  whole  section  of  the 
country  has  been  made  by  the  Federal  and  State  Governments, 
supplemented  by  surveys,  more  or  less  in  detail,  of  strategic 
points.  The  available  supply  of  water  from  the  various  catch- 
ment areas  is  but  partially  known,  and  it  can  be  safely  stated 
that  there  exists  only  general  information  concerning  the  dis- 
charge of  the  tributary  streams,  with  their  grades  and  cross- 
sections. 

From  the  surveys  and  geological  explorations  of  the  Upper 
Sacramento  River,  the  fact  is  established  that  this  stream  has 
continued  to  occupy  its  present  channel,  which,  in  many  places, 
is  more  than  a  mile  in  width,  during  the  more  recent  geological  pe- 
riods. No  tributaries  entered  it  except  from  the  west  side,  and 
these  have  always  been  and  still  are  charged  with  large  amounts 
of  very  heavy  gravel  and  detritus;  whereas  from  the  Sierra  Nevada 
side  to  the  north  of  what  is  now  known  as  Feather  River,  the 
Sacramento  received  only  the  ordinary  drainage  of  the  country, 
and  was  entered  by  no  streams.  At  this  period  the  country  be- 
low was  entirely  submerged,  and  it  is  shown  by  the  regimen  of 
the  Upper  River  that  all  the  material  which  was  discharged 
from  it  immediately  commenced  land  building  in  the  large 
interior  basin  which  received  its  waters.  That  this  operation 
resulted  in  the  formation  of  the  Sacramento  Valley  is  corrobora- 
ted by  the  fact  that  the  channel  of  the  river  in  this  region  is 
elevated  from  ten  to  twenty-five  feet  above  the  country  through 
which  it  flows,  the  land  on  either  side  of  it  receding  for  miles, 
along  its  entire  length,  until  the  stream  discharges  into  the 
bays. 

It  is  therefore  evident  that  all  that  portion  of  the  Sacramento 
Valley  to  the  north  of  Feather  River,  lying  below  the  level  of 
the  present  river  channel,  for  a  length  of  sixty -five  miles,  is 
clearly  the  result  of  natural  erosion  and  denudation  of  this 
upper  section  of  the  country;  while  below  this  point  the  land 
building  has  been  assisted  by  the  discharge  of  debris  from  the 
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Sierra  Nevada  on  the  east  throrfgh  the  agencies  of  the  Feather 
and  American  rivers. 

There  has  also  been  denudation  from  the  Sierra,  the  Marys- 
ville  Buttes,  and  the  Coast  Range  during  earlier  periods.  These 
actions  are  not  visible  in  recent  deposits,  but  for  miles  back  of 
the  banks  of  the  Sacramento  its  influence  has  been  the  controll- 
ing element. 

The  geological  explorations  conducted  by  Prof. Whitney  show 
that  the  channels  of  the  Pliocene  rivers  which  flowed  into  the 
Sacramento  from  the  Sierra  Nevada  side,  have  been  eroded  to  a 
depth  of  from  several  hundred  to  two  thousand  feet  or  more,  and 
the  material  from  the  detrital  accumulations  of  the  Pliocene  epoch 
have  been  discharged  into  the  river  below,  and  deposited  over  its 
alluvial  basins.  These  facts  therefore  clearly  demonstrate  what 
agencies  have  assisted  in  the  building  of  this  lower  country, 
and  that  from  natural  causes,  without  any  assistance  from 
mining  or  agriculture,  the  country,  from  its  very  topography, 
has  been  and  must  be  forever  suoject  to  overflow  and  damage 
from  debris. 

The  inadequacy  of  the  water-ways  of  the  streams  tributary  to 
and  including  the  Sacramento  River,  to  discharge  during  flood 
periods  the  water  draining  into  the  Sacramento  Valley,  has 
already  been  referred  to  on  page  5  of  this  paper.  Of  the  4,769 
square  miles  in  the  Sacramento  Valley  proper,  the  river,  slough 
and  channel  surface  of  perennial  streams  is  only  38.05  square 
miles,  with  a  very  limited  fall,  whereas  the  drainage  basin  of 
the  Sacramento  River  aggregates  26,187  square  miles.*  It  is, 
therefore,  evident  that  in  this  section  of  the  State,  where  there 
is  a  mean  annual  precipitation  of  from  30  to  40  inches  of  rain 
and  snow,  whenever  the  rains  are  excessive,  as  in  1861  and  '62, 
or  when  warm  weather  sets  in  after  heavy  snows,  floods  will 
invariably  occur,  and  1,700  square  miles  of  the  4,769  square 
miles  of  the  Sacramento  Valley  will  be  subject  to  overflow. 

The  topography  of  this  country  favors  it,  and  this  condition 
of  affairs  will  continue,  mining  or  no  mining,  farming  or  no 
farming,  river  improvement  or  no  river  improvement,  as  lone  as 

*  See  Physical  Data  and  Statistics  of  California,  by  W.  H.  Hall,  State  Engineer,  p.  £94. 
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the  difference  in  elevation  between  the  mountains  and  the  valleys 
exists,  and  until  erosion  ceases. 

The  topographical  features  of  the  country  having  been  outlined 
in  their  relations  to  the  mining  counties,  and  the  requirements 
having  also  been  stated  for  the  solution  of  the  question  under 
consideration,  it  is  evident,  that  to  deal  fully  with  its  varying 
conditions  in  the  different  parts  of  the  State,  would  be  impossi- 
ble in  a  paper  of  this  scope.  The  regions  tributary  to  the 
Feather  and  Tuba  rivers,  as  the  best  known,  may  be  considered 
as  typical,  and  will  therefore  be  described  somewhat  in  detail, 
and  remedial  measures  will  be  outlined,  showing  how  the  debris 
in  this  portion  of  the  State  can  be  impounded. 

It  is  in  these  regions,  particularly  on  the  Yuba,  that  gravel 
mining  has  been  prosecuted  on  a  larger  scale  than  in  any  other 
part  of  the  world,  and  should  the  mines  be  worked  in  the  future, 
it  is  from  here  that  the  largest  (sectional)  contributions  of  min- 
ing debris  may  be  expected.  Moreover,  in  this  part  of  the  State 
the  greatest  amount  of  capital  is  invested,  and  the  most  exten- 
sive mining  works  have  been  executed.  These  gold-bearing 
deposits,  among  the  richest  in  California,  have  been  the  most 
productive  in  precious  metal,  and  from  them  the  principal  future 
gold  produce  of  the  State  is  to  be  extracted  wherjever  the  mining 
interests  are  relieved  of  the  existing  restraints.  Into  this  drain- 
age area,  also  flow  the  tailings  from  the  productive  gold  quartz 
mines,  which  have  with  the  gravel  mines  made  California  famous, 
and  enabled  the  United  States  Government  to  resume  specie 
payment  and  to  be  in  a  position  to  pay  off  the  national  debt  in 
gold. 

Taking  isolated  cases,  it  is  an  easy  matter  to  devise  a  plan 
by  which  a  claim  can  work  and  impound  its  debris;  but  the 
object  in  view  is  a  general  plan  on  the  most  economical  prin- 
ciples, which  would  permit  the  various  mines  or  line  of  claims 
draining  or  discharging  into  the  streams,  to  jointly  work  without 
interfering  with  one  another,  and  at  the  same  time  carry  on  min- 
ing operations  without  detriment  to  the  agricultural  interests  or 
navigation  of  the  rivers  below. 

Such  a  work,  to  be  of  permanent  value,  must  from  the  extent 
of  the  mining  operations,  necessarily  be  on  a  scale  which  is  com- 
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mensurate  with  the  magnitude  of  the  requirements.  No  sin- 
gle work  will  probably  be  called  upon  to  meet  the  necessities 
of  the  case,  but  a  system  of  works  would  possibly  be  found  ulti- 
mately to  be  the  grand  desideratum.  How  it  is  to  be  con- 
structed and  maintained,  will  depend  upon  the  plan  or  sys- 
tem adopted;  but  whatever  system  be  adopted,  the  structures 
should  be  built  with  reference  to  permanency,  and  to  act  not 
only  as  barriers  to  any  inroads  from  mining  debris,  but  as 
guards  and  protectors  from  those  great  and  more  powerful 
agents  and  continual  destroyers — Nature  and  Time. 

From  official  documents  it  is  seen  that  the  Feather  River  with 
its  tributaries  has,  with  the  exception  of  the  San  Joaquin  and 
Sacramento  rivers,  the  largest  drainage  area  of  any  single  river 
in  the  State,  aggregating  at  Oroville  3,654  square  miles  on  the 
western  slope  of  the  Sierra  Nevada.  It  embraces  all  of  Plu- 
mas, and  portions  of  Sierra,  Shasta,  Lassen  and  Butte  coun- 
ties. The  elevation  of  this  area  varies  from  150  feet  to  12,000 
feet  above  sea  level.  Pine,  fir,  and  oak  trees  are  found  over  the 
greater  portion  of  this  area. 

The  formation  of  the  country,  consisting  principally  of  lava, 
slate,  and  granite,  is  covered  with  soil  resulting  from  the  disin- 
tegration of  these  materials.  Large  valleys  and  meadows,  fre- 
quently swampy,  valuable  as  pasturage  lands,  are  found  at  high 
elevations  above  the  limits  of  hydraulic  mining. 

Feather  River  has  five  forks,  known  as  the  North,  Middle 
and  South  forks,  and  the  East  and  West  branches  of  the  North 
Fork.  Their  relative  positions  are  shown  on  the  map.  In  June 
and  July,  1881,  these  streams  were  gauged,*  and  their  discharge 
was  as  follows: 

"West  Branch 150  to      200  cubic  feet  per  second. 

North  Fork 1,000  to  1,200      "        "      " 

Middle  Fork 600  to      700      "        "      " 

South  Fork 100  to      125      "        "      " 

Total 1,850  to  2,225      "        "       " 

It  is  stated  that  at  extremely  low  water  these  streams  dis- 
charge from  25  to   35  per  cent,  less  than  given  above.      The 

*See  House  of  Eep.  47th  Congress,  1st  Session,  Ex.  Doc.  No.  98,  p.  79. 
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mean  winter  discbarge  is  placed,  however,  at  5,000  to  10,000 
cubic  feet  per  second;  tbe  flood  discbarge  ranging  from  50,000 
to  70,000  feet  per  second. 

The  annexed  table   shows  approximately  the   grades  of  the 
various  forks : 

North  Fork  and  -Main  Stream.* 


Bidwell's  Bridge... 

Carriboo 

East  Branch 

Chip's  Creek 

Buck's  Creek 

Upper  end  Big  Bend 

West  Branch 

Middle  Fork 

Oroville     

Burt's  Ferry 

Yuba  River 

Nicolaus 


Carriboo 

Mouth  East  Branch 

Chip's  Creek 

Buck's  Creek 

Upper  end  Big  Bend 
Mouth  West  Branch 

Middle  Fork 

Oroville 

Burt's  Ferry 

Yuba  River 

Nicolaus 

Sacramento  River 


•2   , 

£* 

:n 

5  is 

«    <B 

«*-   . 

(3    <D 

°S5 

3    " 

d 

2  «  ^ 

ft 

K 

15 

115 

8 

6 

65 

10 

3 

63 

30 

8.5 

52 

25  to  30 

19 

46 

25  to  30 

12 

36 

25  to  30 

9 

50 

25  to  30 

7 

14 

40 

12.8 

4.26 

40  to  22 

24.2 

1.46 

22  to  25 

19.6 

10.4 

1.21 

0.92 



Two  falls  between. 


Report  State  En- 
gineer, 1880,  part 
II,  pp.  32-35. 


West  Branch. 

Yankee  Hill  Road . . 
Mouth 

3 
21 

35 
36 

|  20  to  30 

Middle  Fork. 

Nelson's  Point 
South  Fork 

South  Fork 

Bidwell's  Bar 

Mouth 

45 

U 

2 

84 
34 
50 

|  25  to  30 

South  Fork. 

Stringtown 

Mouth 3 

22 

15 

On  the  West  Branch  of  Feather  Eiver  there  is  no  hydraulic 
mining,  and  the  rich  bars  and  gravel  deposits  have  been  worked 
out  and  abandoned. 

The  drainage  area  of  the  North  Fork  is  larger  than  the  com- 
bined areas  of  the  other  forks. 


*See  House  of  Rep.  47th  Congress  1st  Session  Ex.  Doc.  No.  98,  p.  79. 
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The  limits  of  hydraulic  mining  on  this  stream  are  from  Dutch 
Hill  to  Big  Bar,  a  distance  of  36  miles.  The  canon  from  Bid- 
well's  Bridge  to  Oroville,  a  distance  of  80  miles,  is  from  one-half 
to  three-fourths  of  a  mile  deep,  though  in  places  somewhat  less. 
The  bottom  width  of  the  canon  may  be  placed  at  100  feet,  and 
rarely  exceeds  200  feet,  while  its  sides  have  a  slope  of  from  25° 
to  75°. 

Swiss  Bavine  is  at  present  the  head  of  the  hydraulic  region, 
receiving  the  detritus  from  Dutch  Hill.  The  deposits  along  the 
head  of  the  stream,  as  well  as  along  the  stream  itself,  have  been 
mined  out.  In  this  immediate  drainage  basin  there  is  a  large 
amount  of  disintegrating  lava,  forming  a  light  soil  spread  over 
large  areas,  which,  where  unprotected  by  vegetation  and  timber, 
is  readily  washed  off  by  the  rains.  The  sides  of  the  granite 
mountains  disintegrate  readily,  and  even  during  dry  weather 
are  continually  breaking  off  and  sliding  into  the  streams.  There 
ie,  therefore,  a  large  natural  wash  entering  this  fork,  and  the 
flood  deposits  on  the  lands  below  Hamilton's  Ferry  are  largely 
attributable  to  this  source. 

The  East  Branch,  a  tributary  to  the  North  Fork,  is  formed  by 
Indian  and  Spanish  creeks.  The  other  tributaries  of  the  North 
Fork  have  a  low  water  discharge,  which  rarely  exceeds  75  to  80 
cubic  feet  per  second.  When  the  mines  are  running  the  total 
quantity  of  material  discharged  from  them  and  draining  into 
the  North  Fork  of  the  Feather  is  stated  officially  to  be  about 
987,500  cubic  yards*  annually,  as  shown  by  annexed  table: 


Streams. 

Mines. 

Quantity 
per  year. 

Remarks. 

Dutch  Hill 

Cubic  yards 
500,000 

323,000 

(1,000,000) 
140,000 
15,000 

East  Branch 

Yellow  Creek 

Chipp's  Creek. . . . 
Flea  Valley 

Quincy  Group 1 

Brooks  Halstead..  J 
Yellow  Creek  Claim 
Lotts, 

Maximum  quantity,  needing  storage. 
Estimated  capacity  not  yet  developed. 

in  Morris  Lake. 

978,500 

1,978,500 

Including    the    estimate  for    Yellow 
Creek. 

*  See  House  of  Rep.,  47th  Congress,  1st  Session,  Ex.  Doc.  No.  98,  p.  81. 
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The  Quincy  group  above  mentioned  are  the  largest  and  richest 
mines,  and  80  per  cent,  of  all  their  debris  is  deposited  in  and  above 
the  American  Valley,  in  a  natural  storage  reservoir.  Spanish 
creek,  above  the  valley,  has  a  grade  of  35  feet  per  mile,  and  in  it 
a  grade  of  only  12  feet  per  mile.  No  coarse  gravel  appears  ever 
to  have  passed  through  it.  The  material  coming  from  the  other 
mines  can  be  readily  stored  on  the  East  branch  by  constructing  a 
barrier  between  Eich  Bar  and  Twelve  Mile  Bar,  where  the  cation 
is  only  100  feet  wide  at  the  bottom,  the  sides  sloping  at  an  angle 
of  from  35c  to  40".  An  abundant  supply  of  material  can  be  ob- 
tained from  the  mountain  sides. 

There  is  another  site  for  a  barrier  at  the  mouth  of  Grizzly 
Creek,  should  a  reservoir  be  needed.  The  annexed  table  gives 
further  details  of  the  mines  on  the  East  branch. 

Quincy  Group  and  Mines  on  the  East  Branch* 


Name. 

Condition. 

Water     used     yearly 
miner's  inches. 

Material  discharged, 

No. 

Total  yearly. 

fl  cS  ° 
3  gfci 

1 

Quincy  Group: 
Fails    Hill 

2 

Mountain  House  . . . . 

do. 

3 

do.. 

4 

Cadwalader  Hill 

Gopher  Hill 

do.. 

5 

100,000 

4356,00 

87,120 

7 

57,200 
12,000 

289,000 
48,000 

57,800 

8 

48,000 

9 

10 

16,000 
38,400 

(  20,000  ) 

]     to 

(  30.000) 
1,400 

48,000 
110.000 

27,000 

5,600 

48,000 

11 

50,000 

12 

27,000 

13 

5,600 

Total 

903,200 

323,520 

On  the  Middle  and  South  Forks,  hydraulic  mining  is  very 
limited,  and  their  canons,  compared  with  the  Yuba,  Bear  and 
American  rivers,  contain  no  detritus  of  any  importance. 


*  See  House  of  Rep.,  47th  Congress,  1st  Session,  Ex.  Doc.  No.  98,  p.  81. 
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There  are  a  few  drift  and  quartz  mines,  but  these  have  been 
idle  for  years.  The  old  mines  at  Bidwell's  Bar  and  Stringtown 
are  worked  out  and  the  river  bed  is  here  filled  with  boulders  and 
cobbles  which  have  found  a  permanent  resting  place. 

From  two  miles  above  Oroville  to  Burt's  Ferry  the  United 
States  map  of  the  Feather  River  shows  that  on  this  reach  there 
is  an  average  fill  of  from  10  to  12  feet  over  the  area  covered  by 
the  low  water  channel  of  the  stream,  and  that  a  large  portion  of 
the  town  of  Oroville  is  below  the  flood  plane.  That  there  is  no 
place  for  storage  of  detritus  from  any  of  the  mines  in  this  local- 
ity, is  a  fact  established  by  the  official  surveys. 

The  need  of  restraining  barriers  and  measures  to  decrease  the 
denudations  from  the  Feather  River  Basin  have  been  pointed 
out  in  Ex.  Doc.  No.  98,  page  84,  House  of  Representatives,  47th 
Congress,  1st  Session.  This  river  is  in  the  preliminary  stages 
of  a  permanent  change  of  channel  —  namely,  from  Hamilton's 
Ferry  to  Butte  Slough,  or  across  the  North  Butte  Basin.  Un- 
less remedial  measures  are  undertaken  this  change  may  be  ex- 
pected in  the  near  future. 

Above  the  Oroville  group,  mining  is  carried  on  to  a  very  lim- 
ited extent,  and  it  may  be  said  that  little  or  no  hydraulic  mining 
is  being  prosecuted  on  the  Upper  Feather. 

The  Tuba  River,  rising  in  the  western  slope  of  the  Sierra  Ne- 
vada, is  a  tributary  of  the  Feather,  which  it  enters  at  Marysville, 
30  miles  above  its  mouth.  The  extreme  length  of  its  water  shed 
is  about  60  miles,  and  its  extreme  width  about  36  miles,  with  a 
drainage  area  estimated  at  1,298  square  miles. 

The  Yuba*  ranks  as  the  fourth  river  in  size  in  the  Sacramento 
Valley. 

Extreme  low  water  discharge 500  cu.  ft.  per  sec. 

Mean  winter  discharge about    1,500  "     "     "     " 

Flood  discharge 26,000"     "     "     " 

Its  drainage  basin  is  divided  into  five  smaller  ones,  designated 
as  North,  Middle  and  South  Forks,  Deer  and  Dry  creeks.  The 
first  mentioned  is  the  largest  and  has  the  greatest  elevation. 
The  water  from  all  the  various  basins  unites  in  the  foothills  with 

*  See  Annual  Report  of  Chief  of  Engineers  for  1882,  Appendix  MM.,  p.  2611. 
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the  exception  of  Dry  Creek,  which  joins  the  main  stream  at  a 
point  12.75  miles  above  its  mouth. 

The  elevation  of  the  Yuba  Basin  is  from  200  to  8,000  feet 
above  tide  water.  The  precipitation  is  thought  to  be  not  so 
great  as  upon  the  Feather  River  water  shed. 

The  amount  of  detritus  which  has  heretofore  been  discharged 
from  the  North  Fork  and  its  tributaries  is  annually  diminishing. 
The  various  deposits  in  this  stream  are  gradually  being  washed 
away  and  the  channels  deepening.  In  fact,  hydraulic  mining  in 
this  basin,  owing  to  the  exhaustion  of  the  deposits,  is  rapidly  de- 
clining, and  the  presence  of  lava  in  great  quantities  has  compel- 
led many  of  the  miners  to  resort  to  drifting. 

The  following  mines  are  still  worked  in  this  section  of  the 
country : 

Foss  &  Co Eureka,  Sierra  Co. 

Wigginsville 

W.  A.  Morse  &  Co "  "       " 

Pioneer Slate  Creek 

Morgan  &  Donahue „ .    St.  Louis     " 

Poverty  Mill  Mining  Co " 

Niagara  Hydraulic  Mining  Co.  Hepsidam,  " 
Last  Chance  Mining  Co. .  Howland  Flat,  '* 
Nevada  Hydraulic  "  "  ....  Gibsonville,  " 
Sears'  Union  "  "    .  .   Howland  Flat,     " 

Gibsonville  Union  "   "   " 

Gold  Gravel  Hydraulic  Min.  Co.,  La  Porte,     "         "     Plumas" 

Baird  &  Co Fir  Cap,     "         ' '        Sierra  " 

Gold  Valley  Hyd.  M.  Co.  Poverty  Hill,  Rattlesnake  Ravine,  "   « 
Liberty  &  Co Portwine,  Slate  Creek,  "   " 

The  greater  portion  of  the  debris  entering  the  North  Fork 
comes  from  Slate,  Canon  and  Goodyear's  creeks.  The  first  men- 
tioned stream  receives  the  material  from  the  mines  at  La  Porte, 
Gibsonville,  Howland  Flat,  Poverty  Hill,  Portwine,  and  Bar- 
nard's. The  second,  from  Eureka  North,  Craig's  Flat,  Morris- 
town,  Scale's  Diggings,  and  Poker  Flat,  while  Monte  Cristo  and 
Chapparal  Hill  discharge  into  Goodyear's  Creek. 
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The  tributaries  to  the  several  creeks  which  receive  a  greater 
portion  of  the  debris  entering  the  North  Fork,  are: 

i  Rabbit  Creek. 

Slate  Creek 4  Rattlesnake  Ravine. 

(  Small  Gulches. 

r\  -       r<      -\  ( Little  Canon  Creek. 

Canon  Creek \  0     ,     ,  ^  ~ 

{  Scales   Canon. 

Goodyear's  Creek Various  small  ravines. 

The  several  districts  mentioned,  and  all  the  tributaries  to  and 
eluding  the  North  Fork,  were  estimated  in  1881  to  have  dis- 
charged into  the  Middle  Fork  of  the  Tuba  for  that  year  3J  mil- 
lion cubic  yards  of  detritus. 

From  the  meagre  data  which  exist,  this  estimate  is  probably 
conjectural. 

The  grade  of  the  canon  of  the  North  Fork  for  35  miles  above 
its  junction  with  the  Middle  Fork  is  from  70  to  90  feet  per  mile, 
with  reaches  on  bars  of  less  grade.  Its  average  width  is  125 
feet,  with  an  extreme  width  of  300  feet  at  Bullard's,  Foster's 
and  Goodyear's  bars,  for  a  short  distance,  and  a  minimum  of  80 
feet.  The  sides  of  the  canon  (which  has  a  depth  of  \  to  £  of  a 
mile  and  runs  through  belts  of  slate  and  serpentine)  have  a  gene- 
ral slope  approximating  30°  to  35°.  Several  million  cubic  yards  of 
detritus  are  estimated  to  have  lodged  temporarily  along  this 
canon,  and  are  gradually  being  washed  further  down. 

The  initial  point  of  the  survey  of  the  Middle  Fork  of  the  Yuba 
commences  at  Moore's  Flat  Bridge,  where  the  pack-trail  crosses 
from  Moore's  Flat  to  Minnesota  Hill.  Above  this  point,  which 
is  18  miles  in  an  air  line  from  the  summit  of  the  Sierra  Nevada, 
there  is  little  or  no  hydraulic  mining,  though  gold-bearing  allu- 
vions occur  some  5  miles  further  up  on  the  Sierra  County  side. 
The  canon  below  Moore's  Flat  Bridge  is  cut  through  a  slate  form- 
ation partially  disintegrated,  its  sides,  which  are  covered  with 
brush,  sloping  at  an  angle  of  35°.  The  bed  of  the  stream  is  about 
100  feet  in  width.*  There  are  here  marks  of  tailings  coming  from 
a  small  ravine  which  enters  from  the  left  bank;  and  about  350 

*  The  elevation  at  low  water  above  mean  low  tide  in  the  bay  is  2,884  feet.  For  full  de- 
tails of  the  surveys  of  the  middle  and  south  forks  of  the  Yuba,  see  Appendices  A  and  B, 
Part  III,  State  Engineer's  Report  1880,  from  which  this  description  is  taken. 
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yards  lower  down,  there  is  an  old  and  extensive  deposit  similar 
in  character  to  the  dumps  upon  the  South  Fork,  except  that 
here  the  sand  and  gravel  appear  whiter.     (See  Plate  VI.) 

For  the  succeeding  7,900  feet,  there  is  some  change  in  the 
character  of  the  river  bed,  the  stream  averaging  1*25  feet  in 
width.  The  low  water  channel  shifts  from  side  to  side  over  low 
Lars  of  cobble  stones  of  which  there  are  many  in  the  bed  of  the 
stream.  At  the  end  of  this  reach,  a  small  ravine  enters  the  river 
from  the  left  bank,  above  which  point  about  73,000  cubic  yards 
of  detritus  are  stored,  while  below  it  is  a  similar  deposit  about 
20  feet  in  depth  at  the  mouth,  800  feet  in  length,  and  500  feet 
in  width,  aggregating  a  total  deposit  of  30,000  cubic  yards. 

A  short  distance  further  down  there  is  another  ravine,  and 
through  this  is  discharged  the  debris  from  Woolsey  Flat  mines, 
in  which  fine  material  largely  predominates.  The  dump  is 
1,000  feet  long,  300  feet  wide,  and  about  20  feet  deep,  75  per 
cent,  of  it  being  liable  to  removal  by  floods. 

For  the  succeeding  thirteen  miles  the  canon  is  about  300 
feet  wide,  one-half  to  two -thirds  of  its  water-way  being  filled 
up  with  low  bars  of  cobble  stones.  Its  sides  are  rough,  and 
there  is  a  heavy  growth  of  trees  oh  the  left  bank,  the  right  being 
comparatively  bare,  and  it  is  estimated  that  259,800  cubic  yards 
of  detritus  are  here  lodged. 

From  hereon  down  to  the  San  Juan  Dam,  .71  miles,  the  canon 
is  rough  and  precipitous,  its  sides  and  bottom  being  composed 
of  coarse  granite. 

From  San  Juan  Dam  to  Freeman's  Bridge,  15.32  miles,  the 
canon  is  exceedingly  rough  and  winding.  Numerous  small 
tributaries  enter  the  river  between  these  places,  the  principal 
being  Bloody  Kun  and  Grizzly  Creek.  Immediately  below 
the  mouth  of  the  latter,  through  which  the  Cherokee  mines 
formerly  discharged  (5.01  miles  below  Freeman's  Bridge),  is  the 
dump  of  the  Columbia  Hill  mines,  filling  the  entire  bed  of  the 
river,  and  forming  an  obstruction  similar  to  that  at  Sailor's  Flat 
and  Blue  Tent  dumps.  At  the  mouth  of  the  creek,  31  feet  above 
the  water  in  the  river,  there  are  marks  of  deposits  which  slope 
gradually  to  the  present  river  bed,  intersecting  it  at  a  distance 
of  1,200  feet  below  the  mouth  of  the  creek.  Below  these  dumps 
the  deposits  are  coarser  and  more  extensive  than  above. 
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Some  two  miles  above  Freeman's  Bridge  is  Emory's  Flat, 
2,500  feet  long,  and  700  feet  wide.  Its  general  elevation  is 
about  fifteen  feet  above  low  water.  The  mountains  slope  back 
at  angles  of  from  24°  to  30°  from  the  flat,  which  is  entered  on 
either  side  by  low  ravines. 

The  canon  below  Emory  forms  a  narrow  gorge,  across  which 
an  obstruction  could  readily  be  thrown,  and  this  entire  space 
used  for  storage  purposes. 

From  this  point  down,  the  canon  continues  steep  and  narrow 
to  the  mouth  of  Oregon  Creek.,  which  empties  2,100  feet  above 
Freeman's  Bridge.  For  4,100  feet  above  to  4,700  feet  below 
Freeman's  Bridge,  the  bed  is  from  200  feet  to  600  feet  wide,  and 
its  grade  60.4  feet  per  mile.*  A  storage  reservoir  might  here 
be  made  by  placing  a  debris  barrier  at  the  narrow  part  of 
the  canon,  4,700  feet  below  the  bridge. 

From  Freeman's  Bridge  to  the  junction  of  the  Middle  and 
North  forks,  4.18  miles,  the  canon  is  rough  and  precipitous.  The 
only  debris  here  lodged  is  at  the  American  dump,  the  tailings 
entering  from  the  left  bank,  .64  miles  above  the  mouth  of  the 
Middle  Fork.  The  canon,  which  has  a  width  of  from  100  feet 
to  150  feet,  shows  marks  of  heavy  deposits,  which  have  been 
swept  out  by  flood- waters,  and  along  its  bottom  are  strewn  huge 
masses  of  stone. 

The  North  and  Middle  Forks,  forming  the  main  forks,  come 
together  4.18  miles  below  Freeman's  Bridge,  thence  flowing 
through  a  canon  from  1,200  to  1,500  feet  deep,  and  from  100 
feet  to  125  feet  wide.  The  roughest  part  of  this  cafion,  where  it 
is  very  precipitous,  and  almost  inapproachable,  is  about  four 
and  one-half  miles  in  length.  Drift-wood  indicates  that  the 
waters  have  risen  to  points  at  least  40  feet  above  the  bed;  but 
no  debris  is  deposited  in  this  cafion. 

The  tailings  from  the  Manzanita  Hill  mine  enter  the  Main 
Fork  1.19  miles  below  the  mouth  of  the  North  Fork,  and  here 
but  little  debris  remains. 

At  Missouri  Bar,  the  canon  is  from  250  feet  to  300  feet  wide, 
with  reaches  of  500  or  GOO  feet.  There  are  narrow  gravelly 
benches  on  either  side,  slightly  elevated  above  low  water.     The 

*The  elevation  at  low  water  at  the  bridge  above  mean  low  tide  in  the  Bay  is  1,698  feet. 
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mountains  recede,  giving  the  sides  of  the  gorge  much  flatter 
slopes  as  far  down  as  the  junction  of  the  Main  and  South  forks, 
a  distance  of  about  three  miles.  The  debris  along  this  section 
is  estimated  at  30  feet  in  depth  at  the  lower  end,  decreasing  to 
nothing  at  the  upper  end. 

Between  the  lower  end  of  the  canon  and  the  mouth  of  the 
South  Fork,  three  small  streams  enter  from  the  north.  Two  of 
these  have  flat  side  slopes,  light  grades,  and  low  flats  on  either 
side  of  their  channels,  extending  some  distance  back  from  the 
river  showing  them  to  be  good  places  for  the  storage  of 
debris.  The  grade  of  the  stream  is  about  30  feet  per  mile,  and 
its  bed  is  filled  at  the  upper  end  for  about  three -fourths  of  a  mile 
with  large  cobbles,  which  decrease  in  size  to  coarse  gravel  at 
the  mouth  of  the  South  Fork. 

The  South  Fork  of  the  Yuba  has  a  drainage  area  of  306  square 
miles,  with  elevations  from  400  to  8,000  feet  above  sea  level.  The 
average  fall  of  the  canons  to  an  elevation  of  2,660  feet  above  sea 
level  is  56.35  feet  per  mile. 

Above  Omega  Creek,  there  is  no  hydraulic  mining.  Below  it, 
some  three-fourths  of  a  mile,  the  canon  widens  in  places  to  1,500 
feet.  Its  average  grade  is  54  feet  per  mile  for  the  whole  canon  to 
Washington,  2,800  feet.  The  canon  below  Washington  for  the  first 
\\  miles,  narrows  with  precipitous  sides,  the  grade  ranging 
from  55  to  59  feet  per  mile.  A  mile  and  a  quarter  further  down 
stream,  the  canon  is  very  narrow  and  steep,  and  for  a  half  a  mile 
in  length,  has  a  width  of  about  100  feet,  with  a  grade  of  41 1 
feet  per  mile.  Flood  waters  at  this  point  sometimes  rise  25  feet 
above  the  low  water  stage  of  the  river.  From  here  on,  the  canon 
widens,  and  the  grade  is  gentler.  Nine  miles  further  down,  the 
grade  averages  35  feet  per  mile. 

Humbug  Creek  enters  the  South  Yuba  20T4„-  miles  above  its 
mouth.  The  channel  at  low  water,  which  formerly  measured  100 
feet  across,  is  now  350  feet  wide. 

From  Humbug  Creek  to  Sailors  Flat  Dump,  2.54  miles,  the 
canon  has  a  grade  varying  from  44  to  66  feet  per  mile,  with  one 
reach  of  25  feet  per  mile,  and  from  Sailors  Flat  to  Edwards' 
Bridge,  1.55  miles,  the  width  of  the  channel  is  150  feet,  filled  to 
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a  depth  of  from  5  to  20  feet  with  debris,  the  grade  being  55  feet 
per  mile. 

Edwards  Bridge  is  16^  miles  above  the  mouth  of  the  South 
Tuba  River.  The  floor  of  the  bridge  is  1,990.6  feet  above  tide 
water  level.  Low  water  level  of  1879  was  1,954.7  feet,  and 
flood  water  mark  of  1862  was  1,973^  feet  above  the  plane  of  low 
tide. 

From  Edwards'  Bridge  to  Purdon's  Bridge,  4  05  miles,  the 
grade  is  from  51  to  71.02  feet  per  mile.  Large  deposits  exist  all 
along  the  canon  until  the  outlet  from  Columbia  Hill  is  reached, 
where  the  canon  is  only  about  100  feet  wide,  and  marks  of  old 
deposits  are  seen  at  points  20  feet  high. 

From  Purdon's  Bridge  to  Jones'  Bar,  the  canon  is  narrow 
and  steep  for  its  entire  distance,  with  a  grade  of  from  80  to  106 
feet  per  mile,  and  in  places  134  feet. 

Below  Jones'  Bar,  the  canon  for  about  a  mile  is  from  500  to 
600  feet  in  width  with  a  grade  of  60  feet  per  mile.  A  small 
amount  of  debris  remains  lodged  in  this  portion  of  the  canon. 

Below  this  long  canon,  the  tops  of  the  mountains  are  further 
apart  and  the  slopes  flatter.  There  is  a  reach  one  mile  long, 
with  a  channel  grade  of  57  feet  per  mile,  along  which  over  200,- 
000  cubic  yards  of  debris  are  lodged.  A  barrier  could  be  readily 
constructed  at  this  point,  which  would  convert  this  place  into  a 
good  storage  reservoir  for  tailings. 

From  Jones'  Bar  to  the  mouth  of  the  South  Fork,  a  distance 
of  6.27  miles,  the  canon  is  somewhat  wider  than  above  the  Bar, 
the  grade  ranging  from  53  to  124  feet  per  mile.  Along  this  stretch, 
several  small  streams  enter  the  Yuba,  the  principal  one  by  which 
it  is  joined  some  5.9  miles  above  its  mouth  being  Shady  Creek. 

Below  Bridgeport,  on  the  main  stream,  there  is  a  good  site  for 
the  location  of  a  debris  barrier.  The  canon  narrows  to  a  width 
of  125  feet  below  the  junction,  and  there  is  an  abundance  of 
material  available  for  the  construction  of  such  work.  This  struct- 
ure could  be  readily  carried  to  a  height  of  250  feet,  and  with  the 
flats  above  it,  an  immense  quantity  of  debris  could  be  stored. 
When  filled  to  its  crest,  the  water  could  be  turned  across  a  nar- 
row neck  of  rocky  land  and  again  dropped  into  the  Yuba  some 
considerable  distance  below  the  barrier. 


64  Bowie  on  Mining  Debris  in   California  Rivers. 

From  the  mouth  cf  the  South  Fork  to  the  Yuba  Mill  and  Min- 
ing Company's  shaft,  the  distance  is  13.6  miles.  The  bed  of  the 
river  for  this  entire  distance  is  filled  with  detritus  from  one  side 
of  the  mountain  to  the  other.  Over  this  debris  the  present 
stream  flows  on  a  regular  and  even  grade.  The  sides  of  the 
canons  slope  at  low  angles,  and  bluffs  now  and  then  close  in 
upon  the  river.  The  reported  depths  of  the  deposit  are  given  by 
Mr.  Manson,  C.  E.,in  his  report  to  the  State  Engineer,  as  fol- 
lows: 

At  the  mouth  of  the  South  Fork 30  feet  to  40  feet. 

Three  miles  above  Deer  Creek 40  feet. 

At  the  mouth  of  Deer  Creek 80  feet. 

At  the  Smartsville  dumps 125  feet. 

At  the  mouth  of  Timbuctoo  Kavine 80  feet. 

At  the  Yuba  Mill  &  Mining  Co.'s  shaft.  .  .75  feet  to  80  feet. 

The  canon,  as  far  as  Timbuctoo  Ravine,  averages  from  300  to 
400  feet  in  width,  ranging  from  125  to  550  feet.  Below  this 
point  its  width  increases  to  1,000  feet  in  the  widest  places. 

The  greatest  portion  of  the  deposit  in  this  division  of  the 
river  consists  of  fine  quartz,  gravel  and  sand;  only  about  15  per 
cent,  of  the  total  amount  at  the  mouth  of  the  South  Yuba  being 
estimated  as  cobble-stones,  which  disappear  about  a  mile  above 
the  Smartsville  dump.  Upon  and  below  these  dumps,  however, 
for  the  remaining  distance  to  the  Yuba  Mill  and  Mining  Com- 
pany's shaft,  they  form  a  large  part  of  the  deposit. 

Deer  Creek  discharges  into  the  Yuba  on  the  left  bank  at  a 
point  7.57  miles  below  the  South  Fork.*  The  general  grade  of 
the  stream  in  this  division  is  cpuite  uniform,  being  from  22  to  23 
feet  per  mile,  and  with  its  increased  width  a  favorable  oppor- 
tunity is  here  offered  to  retain  the  debris  brought  down  from 
the  mines. 

At  the  Narrows,  about  one  mile  north  of  Smartsville,  the  river 
is  about  300  feet  wide,  the  sides  of  hard  blue  trap,  sloping  at  an 
angle  of  from  50°  to  32~  for  an  elevation  of  upwards  of  200 
feet  above  the  bed  of  the  river.     Above  this  height  the  rnount- 

*For  details  of  distances,  grades  and  elevations,  see  State  Engineer's  Keport,  Part  HI, 
1880,  p.  63. 


Bowie  on  Mining  Debris  in   California  Rivers.  65 

ains,  to  an  elevation  of  1,000  feet  or  more,  have  a  steep  slope. 
In  the  vicinity  of  the  Narrows  there  is  an  abundance  of  suit- 
able material  for  barriers,  which  can  be  readily  obtained  and 
placed  in  the  bed  of  the  river  wherever  needed.  Official  sur- 
veys show  that  there  is  large  storage  room,  for  debris  and  detritus 
in  the  bed  of  the  river  above  this  point,  which  averages  300  feet 
in  width  and  has  a  length  of  44,500  feet,  the  sides  of  the 
mountains  sloping  at  angles  ranging  from  3UC  to  35°. 

From  the  Yuba  Mill  to  the  mouth  of  the  Yuba,  the  distance 
is  15  miles.  Below  the  Yuba  Mill  aud  Mining  Company's  shaft, 
for  a  distance  of  eight  miles,  the  river  has  a  width  between  the 
levees  of  2.8  miles.  It  then  contracts  irregularly  in  width,  and 
during  periods  of  flood  discharges  into  the  Feather  with  a  width 
of  from  1  to  \\  miles.  Over  the  greater  portion  of  the  fifteen 
miles  referred  to,  there  is  deposited  a  large  amount  of  sand, 
containing  some  coarse  gravel  in  the  upper  portions,  whilst  in 
the  lower  part  it  consists  largely  of  deposits  of  fine  clay. 

Four  and  a-half  miles  below  the  Yuba  Mill  is  Point  de  Guerre, 
which  is  a  rocky  point  some  40  or  50  feet  high,  and  where  the 
river  narrows  to  about  one  mile.  Opposite  to  this  place  there 
are  slopes  rising  to  a  height  of  100  or  150  feet  above  the  bed 
of  the  river.  A  barrier  could  be  erected  in  this  narrow  portion 
of  the  stream,  which  would  retain  a  large  amount  of  the  mining 
debris.  Below  this  point  the  high  lands  gradually  merge  into  the 
plains. 

The  mining  districts  draining  into  the  Bear  and  American 
rivers  are  described  in  the  official  reports,  which  show  in  detail 
the  condition  of  affairs  on  those  streams. 

As  there  are  no  data  of  the  denudation  and  erosion  in  the 
mountains  and  valleys  of  this  Coast  due  to  natural  causes,  the 
annual  contribution  from  these  sources  can  only  be  approxi- 
mated by  analogy. 

The  Sierra  Nevada  Bange,  which  borders  the  great  valley  of 
California  on  the  east,  has  an  average  elevation  of  about  8,000 
feet,  with  peaks  varying  in  height  from  10,000  to  nearly  15,000 
feet.  On  the  sides  of  these  mountains,  which  have  a  descent  of 
a  most  precipitous  character,  are  immense  tracts  of  denuded 
land  covered  with  disintegrated  lava,  detritus,  and  metamor- 
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phosed  schists.  The  temperature  over  this  area,  where  the  mean 
rain  and  snow-fall  exceeds  fifty  inches,  varies  from  extreme  heat 
to  extreme  cold. 

It  is  therefore  evident  that  the  geological  formation  of  this 
range,  its  topographical  features  and  climatic  influences,  are 
such  as  to  render  denudation  both  rapid  and  destructive.  What 
is  true  of  the  Sierra  Nevada  is  also  true  to  a  certain  extent  of 
the  mountains  which  border  the  Great  Valley  to  the  West,  and 
comparing  this  region  with  the  valley  of  the  Po,  any  one  famil- 
iar with  both  valleys  will  undoubtedly  say  that  the  denudation 
and  erosion  per  unit  of  area  is  greater  in  California. 

ESTIMATED    ANNUAL   DISCHARGE    OF     DEBRIS    AND    DETEITUS   FROM   THE 
MIXES,    ETC. 

On  pages  14  and  15  of  this  paper  are  given  the  official  reports 
of  the  amounts  of  the  debris  discharged  from  the  mines  into  the 
various  streams  tributary  to  the  Sacramento  and  other  rivers. 
Since  those  reports  were  made,  many  changes  have  taken  place 
in  the  mining  regions.  On  page  16  an  estimate  is  given  of  the 
total  amount  of  material  which  would  probably  be  discharged 
into  the  Tuba  Eiver  Basin  proper,  based  on  the  total  number  of 
inches  of  water  there  available  for  mining  purposes. 


Names  of  Mixes. 

Miners'  24-hour 
inches. 

Cubic  yards 
per  inch. 

Total  amount  of 
gravel  moved. 

800,000 
500,000 
150,000 
100,000 
250,000 
250,000 
700,000 
450,000 
50,000 

Milton  Co 

3J£ 

Sailor  Flat 

Blue  Tent 

3,250,000 

11,375,000 



These  figures  are  the  most  reliable  obtainable,  as  they  give 
the  absolute  amount  of  water  stored  and  run  by  theiseveral  com- 
panies therein  named.  An  additional  amount  is  also  included 
as  coming  from  the  smaller  companies,  which  may  in  rainy  sea- 
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sons  obtain  water  from  the  drainage  of  the  several  little  creeks 
and  cafions.  The  quantity  of  material  moved  is  approximated 
at  3J  yards  per  24  hour  inch  of  water,  which  it  is  believed  as  a 
whole,  will  be  found  correct,  or,  if  anything,  in  excess  of  the 
actual  amount  washed.  We  have,  therefore,  here  a  basis  to 
work  on,  and  from  which  the  storage  requirements  may  be  fig- 
ured for  the  Yuba  basin. 

SITES    FOE   DEBRIS    BARRIERS. 

In  describing  the  regions  of  the  Feather  and  Yuba  rivers,  sev- 
eral places  have  been  mentioned  where  debris  barriers  could  be 
erected  at  comparatively  small  costs.  Other  sites  might  have 
been  named,  but  it  has  not  been  considered  necessary  to  enter 
into  such  detail  until  a  definite  plan  for  restraining  the  debris  is 
adopted.  There  are  many  ways  of  controlling  the  tailings  from 
the  mines,  and  storing  them  in  the  canons  along  the  lines  of  the 
streams,  where  use  can  be  made  of  all  that  nature  has  placed  at 
our  disposal.  Each  particular  case  will  permit  of  treatment  by 
itself. 

As  the  region  of  the  Yuba  has  been  described  more  in  de- 
tail in  this  paper,  attention  will  be  called  especially  to  the  sites 
for  debris  barriers  along  that  stream  and  its  tributaries. 

The  surveys  of  the  North  Fork  of  the  Yuba  show  that  the 
canons  are  very  steep,  and  that  although  there  are  numerous 
sites  for  debris  barriers  and  reservoirs,  with  material  in  abun- 
dance which  can  be  cheaply  obtained,  it  is  not  considered  that 
the  detritus  can  here  be  stored  as  economically  as  it  can  be  fur- 
ther down  on  the  main  stream.  Moreover,  hydraulic  mining  on 
this  branch  is  on  the  decline,  the  towns  being  dependent  chiefly 
on  drift,  quartz  and  river-bed  mining. 

On  the  tributaries  of  the  North  Fork,  there  are  places  where 
storage  reservoirs  and  debris  barriers  can  be  readily  constructed. 
Especially  might  be  maintained  a  site  for  reservoir  and  restrain- 
ing wall  on  Slate  Creek  (at  a  point  near  the  crossing  of  the 
Forbestown  and  Scales  diggings  road),  where  the  creek  is  only 
80  feet  wide,  the  mountains  sloping  on  an  angle  of  30°  to  a 
height  of  fully  200  feet  and  the  bed  of  the  stream  is  from  100  to 
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120  feet  wide,  graded  back  nearly  five  miles.  The  chief  difficulty 
to  be  encountered  in  the  tributaries  as  well  as  in  the  North 
Fork,  are  the  heavy  grades,  and  the  necessity  of  condemning 
mines  in  the  beds  of  the  streams. 

On  the  Middle  Fork  of  the  Yuba,  Emory's  Flat  (2,500  feet 
long  by  700  feet  wide,  with  the  mountains  sloping  at  24  and 
30°)  is  an  excellent  place  for  a  reservoir,  and  in  the  canon,  a 
short  distance  below  the  flat,  a  debris  barrier  can  be  readily 
constructed.  At  a  point  about  4,700  feet  below  Freeman's 
Bridge  a  restraining  wall  can  be  constructed,  which  will  convert 
a  large  quantity  of  the  country  back  of  it  into  a  reservoir.  Near 
the  mouth  of  the  South  Fork  there  is  also  an  excellent  site  for 
the  storage  of  debris.     (See  page  4  and  Plate  V.) 

On  the  South  Fork  of  the  Tuba  there  are  several  sites  for  re- 
servoirs and  restraining  walls.  Notably  may  be  mentioned  the 
canon  for  a  mile  below  Jones'  Bar,  which  is  from  500  to  600 
feet  wide,  and  below  Bridgeport,  where  the  canon  is  only  128 
feet  wide,  with  abuudance  of  stone  at  hand,  a  debris  barrier 
could  be  cheaply  constructed  which  would  convert  a  large  area 
back  of  it  into  an  excellent  reservoir. 

Below  the  discharge  of  Deer  Creek  into  the  Yuba  there  is  also 
another  site  where  the  detrital  wash  might  be  impounded. 

Further  down  is  the  narrows  which  has  already  been  referred 
to  and  described  on  page  — ,  and  the  same  may  also  be  said  of 
Point  de  Guerre,  situated  4^  miles  below  the  Yuba  Mill. 

DEBRIS    BARRIERS. 

Debris  barrier,  is  a  term  applied  to  any  structure  or 
obstruction  used  for  the  purpose  of  retaining  or  assisting  in 
the  retention  of  debris  and  detritus  coming  from  either  natural 
or  artificial  causes. 

In  some  instances  lines  of  brush-work,  in  others,  wooden  cribs 
filled  or  not  filled  with  rocks,  may  serve  this  purpose;  but  where 
necessary,  structures  may  be  erected  of  masonry  or  rubble- 
stone,  bonded  or  not,  as  circumstances  require. 

The  object  of  such  barriers  is  not  to  impound  water,  but 
simply  to  permit  and  assist  in  the  storage  of  sand  and  detritus 
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behind  them,  thus  formiug  what,  in  a  certain  sense,  may  be 
termed  retaining  walls.  In  most  cases  they  sustain  little 
hydrostatic  pressure,  but  are  frequently  called  upon  to  resist 
the  force  of  water  moving  at  considerable  velocity. 

In  a  dam  for  impounding  water,  the  questions  of  determining 
the  force  to  overthrow  it  and  the  proportioning  of  the  structure, 
are  capable  of  exact  treatment  as  the  thrust  is  known  in  its 
magnitude,  its  point-  of  application,  and  the  direction.  In  al- 
most every  part  of  the  world,  there  are  numerous  examples  of 
such  works  having  been  successfully  constructed,  and  in  no  one 
instance  have  they  ever  been  known  to  fail  except  where  some 
fundamental  rule  of  construction  had  been  disregarded. 
At  the  present  time  a  dam  is  being  erected  for  the  Croton  Water 
Works,  277  feet  high,  measured  from  the  bottom  of  the  founda- 
tion to  the  crest  of  the  dam. 

As  far  back  as  1871,  in  the  fourteen  districts  of  Madras,  it  is 
officially  stated  that  there  were  43,000  tanks  (reservoirs)  of 
native  origin  then  in  use,  with  approximately  30,000  miles  of 
embankment,  and  300,000  separate  masonry  works.  The  Vir- 
anum  tank  has  an  area  of  35  square  miles,  and  an  embankment 
12  miles  long,  still  in  operation  ''after  an  existence  of  fabu- 
lous duration."  The  Chembrumbaukum  tank,  in  Chengalpat,  has 
an  embankment  three  miles  long,  with  six  waste-ways,  having  a 
total  width  of  676  feet  of  escape  channel.  In  1869  there 
was  a  dam  of  earth- work,  flanked  with  masonry,  thrown  across 
the  Adela  Valley.  The  dam  is  7,200  feet  long,  72  feet  high  in 
the  center,  with  waste-ways  at  the  earth  end.* 

The  material  which  gradually  accumulates  in  layers  behind  a 
debris  barrier  in  time  consolidates,  and  when  filled  to  the  crest 
there  is  comparatively  a  small  horizontal  thrust,  the  structure 
simply  protecting  the  face  of  the  deposit  from  erosion. 

It  has  long  since  been  determined  by  M.  Prony,  that  when  a 
vertical  wall  sustains  the  pressure  of  a  bank  of  earth,  the  top  of 
which  is  horizontal,  the  maximium  horizontal  pressure  from  the 
backing  up  of  this  material  is  reached  when  a  plane  of  frac- 
ture of  the  earth  bisects  the  angle  which  is  formed  by  the  earth's 

*  See  East  India  (Progress  and  Condition).    Ordered   by  The  House  of  Commons  to  be 
Printed  28th  April,  1873.  P.  60. 


70  Bowie  on  Mining  Debris  in   California  Rivers. 

sloping  back  from  the  foot  of  the  wall  on  its  angle  of  repose. 
Therefore  the  weight  of  such  a  prism  can  be  easily  calculated. 
This  angle  of  repose  is  largely  dependent  upon  the  amount  of 
moisture  in  the  material.  In  theoretical  calculations,  the  back- 
ing is  supposed  to  be  perfectly  dry,  and  consequently  has  its 
greatest  pressure,  except  when  the  material  is  in  a  semi-fluid 
state.  Of  course  it  is  always  supposed  that  the  barrier  will  not 
slide  along  its  base  or  be  overturned  around  its  toe,  and  that  it 
is  sufficiently  thick  to  prevent  its  bulging.* 

Therefore,  applying  the  ordinary  formula  for  the  determina- 
tion of  the  wedge-shaped  prism  already  described,  the  pressure 
which  a  debris  barrier  may  be  called  upon  to  sustain,  can  readily 
be  determined.  By  inclining  the  outer  wall  inward,  the  tendency 
of  the  stones  to  slide  on  one  another  and  bulging  are  dimin- 
ished, and  by  converting  the  vertical  back  wall  into  offsets, 
there  will  be  a  greater  resistance  to  overturning,  as  the  center 
of  gravity  is  thrown  further  back  from  the  toe,  giving  it  in- 
creased leverage  and  resistance. 

The  locations  of  debris  barriers  are  dependent  upon  the  re- 
quirements of  the  work  or  the  topography  of  the  ground,  and  at 
times  upon  both  of  these  conditions. 

The  shortest  barrier  with  the  smallest  height  and  the  greatest 
storage  capacity  (all  things  being  equal),  is  what  is  most  to  be 
desired. 

Debris  barriers  may  be  placed  in  the  canons  or  across  the  beds 
of  tributary  streams  or  rivers,  and  even  in  the  plains  them- 
selves. Where  used  in  the  first  mentioned  instance,  they  are 
simply  retaining  walls.  Where  erected  along  or  in  the  line  of 
running  streams,  they  may  be  considered  either  as  weirs  or  re- 
straining walls,  partaking  under  certain  conditions  to  a  limited 
extent  of  the  character  of  an  impounding  dam  used  for  the 
storage  of  water.  When  placed  across  the  bed  of  a  stream 
their  purpose  is  to  prevent  the  erosion  of  the  bed  by  checking 
the  velocity  of  the  current,  and  causing  the  material  which  it 
transports  to  be  deposited  behind  them. 

Protection   from   the   flow   of   detritus,  whether   from    natu- 

*  See  Professional   Papers  on   Indian  Engineering,  Vol.  1,  pp.  320  and  128;  also  Vol. 
V,  paper  No.  C'LXXIV,  p.  50— see  Rankine,  etc. 
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ral  or  artificial  causes,  can  be  obtained  by  the  establish- 
ment of  permanent  works,  which  must  be  constructed  on  a 
scale  commensurate  with  the  detrital  accumulations.  It  may 
not  be  always  practicable  to  retain  all  the  finer  sands  and 
clay  which  may  be  held  in  suspension,*  but  with  the  develop- 
ment of  any  large  system  of  restraining-works  along  the  Yuba, 
even  this  can  be  effected  to  a  great  extent — a  result  due  to 
the  reduction  in  depth  of  the  stream  by  the  increased  length  of 
the  crests  of  the  barriers  as  they  are  raised,  which  thereby  di- 
minishes the  suspensory  and  transporting  power  of  the  water, 
apart  from  the  fact  of  the  great  facilities  afforded  for  settling 
reservoirs,  as  already  indicated  in  this  paper,  such  places  being 
especially  serviceable  during  low  water,  when  the  scouring  ac- 
tion is  greatest  and  the  stream  is  very  easily  controlled. 

In  the  construction  of  large  barriers  it  is,  of  course,  advisable 
that  their  foundations  should  be  on  solid^ground;  bnt  on  streams 
and  rivers  flowing  over  beds  of  detrital  accumulations  or  in  al- 
luvial bottoms,  this  is  not  always  practicable.  In  India,  the 
foundations  of  some  of  the  largest  weirs  constructed  across 
rivers  are  built  on  a  series  of  small  wells  of  masonry,  sunk  to  a 
required  depth  and  then  filled  in  with  concrete,  rubble  or  ma- 
sonry. 

A  firm  foundation  may  also  be  obtained  by  enlarging  the 
bearing  surface,  or  the  soil  may  be  consolidated  and  the  found- 
ation extended  by  a  mass  of  rubble  stone.  Rock  is  the  best 
formation  to  build  on,  but  gravel  is  also  a  reliable  material  for 
foundations,  provided  the  washing  of  the  sand  is  prevented; 
and  Vernon  Harcourt,  in  his  work  on  rivers  and  canals,  adds 
that  fine  sand  and  silt  do  not  present  insuperable  obstacles  to  a 
good  foundation. 

"  Prof.  Davidson,  in  writing  on  this  subject  as  applied  to  dams 
in  India,  says,  that  if  the   material  of  the  bed  of  the  stream  is 

*The  muddiness  of  the  water  scarcely  requires  comment.  Daubree  has  established 
the  fact  that  the  milky  tint  of  the  Rhine  at  Strasburg  in  the  months  of  July  and  August, 
is  not  due  to  mud,  but  to  fine  angular  sand  in  suspension  (grains  measuring  1-20  mm.) 
in  diameter;  and  he  likewise  proved  that  sand  one-tenth  of  a  millimeter  in  diameter  will 
float  in  very  feebly  agitated  water.  According  to  Bischof,  the  same  stream  carries 
annually  in  solution  a  sufficient  quantity  of  lime  for  the  formation  of  332  thousand  mill- 
ions  of  oyster  shells  of  ordinary  size. 
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deep  sand,  gravel  or  bowlders,  no  attempt  whatever  is  made  to 
penetrate  this  in  order  to  prevent  sub-surface  water  passing 
down  stream  through  the  sand  or  gravel."* 

In  the  construction  of  large  barriers  of  rip  -  rap  on  the  Yuba, 
where  the  sand  has  accumulated  to  any  great  depth,  it  might  be 
necessary  to  prepare  a  foundation  for  such  a  work.  The  prep- 
aration of  the  sandy  bottom  would  be  for  the  especial  purpose 
of  preventing  the  sand  from  being  washed  away  from  the  rocks 
in  the  bottom  of  the  structure.  This  may  be  accomplished  by 
preparing  the  bed  with  fascines,  or  paving  it  with  small  stones, 
upon  which  would  be  placed  the  rock  as  received.  Where  nec- 
essary, mattresses  of  trees  or  brush  may  be  used  to  prevent  set- 
tling; but  in  the  canons  of  the  Tuba  masses  of  stone  can  be 
blasted  from  the  steep  side -hills,  and  an  abundant  supply  of 
rock  and  other  material  is  generally  everywhere  obtainable  in 
close  proximity  to  the  barrier  sites.  If  these  precautions  are 
taken,  and  the  structure  maintained  with  proper  care,  every  con- 
fidence may  be  felt  that  no  difficulty  will  ensue  from  settlement 
of  the  work.  In  corroboration  of  which  may  be  noted  the  in- 
stances of  the  dams  in  India,  which  are  given  later  on  in  this 
paper. 

Of  course,  the  larger  the  rocks  the  better — the  largest  being 
put  on  the  down -stream  side,  and  the  smaller  ones  on  the  up- 
stream side.  The  interior  of  the  barrier  may  be  composed  of 
stones  of  smaller  sizes,  (which  would  be  unsafe  to  place  on  the 
crest  or  exposed  surfaces),  where  they  would  be  held  in  place  by 
the  superincumbent  weight  of  the  structure.  Such  a  barrier 
composed  of  rubble  stone  relies  upon  the  power  of  each 
stone  to  retain  its  place,  and  not  upon  any  bond.  The 
slopes  to  be  given  to  the  barrier  depend  upon  its  requirements  ; 
and  the  arrangement  of  the  waste  -  ways  —  if  such  be  deemed 
necessary  —  is  a  matter  of  consideration  which  must  be  deter- 
mined by  the  engineer  in  accordance  with  circumstances  and  the 
magnitude  of  the  work. 

With  barriers  of  this  character,  the  proposition  reduces  itself 
to  retaining  in   position   in  convenient  form  a  mass  of  rubble- 

*  See  Ex.  Doc.  No.  94.— Senate  44th  Congress,  1st  session. 
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stone  which  will  cause  the  river  to  raise  its  beds  by  checking 
the  present  velocity  of  the  currents,  diminishing  its  power  of 
erosion  and  transporting  material,  thus  hoi  ling  back  in  the 
canons  and  behind  the  barriers  the  detrital  accumulations. 
Should  the  entire  stream  pass  over  the  crest  of  such  a  barrier, 
there  would  result  no  cataract  or  Niagara  Falls.  The  outer 
slope  of  such  a  work  would  be  gradual,  and  opposed  to  the  water 
would  be  large  blocks  of  stone  that  would  not  be  carried  away. 

The  greatest  height  of  floods  at  the  Narrows,  where  the  width 
is  270  feet,  is  only  12  feet,  increasing  the  crest  of  the  proposed 
barrier  at  this  point  to  600  feet  in  width,  and  the  flood  depth 
is  immediately  reduced  over  one-half. 

The  outer  toe  of  a  work  of  this  character  would  really  be  its 
vulnerable  point,  and  that  can  be  protected  beyond  peradven- 
ture.     There  is  no  question  of  lack  of  material. 

In  the  Kaveri  river  in  the  Madras  Presidency,  there  is  an 
anicut  or  dam  composed  of  a  solid  mass  of  rough  stone  1,080 
feet  long,  40  to  60  feet  broad,  15  to  18  feet  high,  and  stretching 
across  the  bed  of  the  stream,  which  was  built  over  1,600  years 
ago.* 

In  the  Krishna  delta,  at  Bezoarah,  where  the  river  is  1,300 
yards  wide,  and  6  feet  deep  at  low  water,  there  is  an  anicut  3,750 
feet  long  and  305  feet  wide,  composed  of  stone  thrown  into  the 
river  and  allowed  to  assume  its  natural  slope.  Its  height  is  21 
feet  above  the  dry  season  level  of  the  water.  The  average  flood 
is  31  feet  above  ordinary  low  water,  and  the  highest  flood  is  38 
feet  above  low  water.  It  is  faced  with  masonry,  and  has  sluices 
on  the  flank. f 

On  the  Kalerun  River,  Sir  Arthur  Cotton  constructed  an  ani- 
cut 750  yards  long,  divided  into  three  parts  by  two  islands.  The 
bed  of  the  river  is  composed  of  sand,  and  the  structure  (with  22 
sluices),  which  is  made  of  brick  and  stone,  the  foundation  3 
feet  deep  is  built  on  three  lines  of  wells,  6  feet  in  external  diam- 
eter each,  and  six  feet  deep. 

In  the  introduction  of  the  great  system  of  irrigation  in  India, 

*See  East  India  (Progress  and  Condition).  Ordered  by  the  House  of  Commons  to  be 
Printed,  28  April,  1873,  p.  58. 

t  See  Hydraulic  Manual,  Part  n,  p.  71,  by  Lowis  D'A.  Jackson,  A.  I.  C.  E.  Also  East  In- 
dia (Progress  &  Condition)  in  1871-22,  p.  58. 


i  i  Bocl'ic  on  Mining  Debris  in   California  Rivers. 

"  Engineers  had  to  discard  many  of  the  precepts  of  the  pro- 
fession. The  construction  of  dams  that  should  fulfill  all  the 
conditions  demanded,  was  a  difficult  problem.  Even  with  so 
vast  a  supply  of  cheap  and  moderately  skilled  labor,  it  was  evi- 
dently impracticable  to  carry  foundations  for  the  anicuts,  weirs, 
or  dams  through  deep  sands  to  the  "bedrock,"  or  to  a  stratum 
of  clay,  etc.,  and  it  necessarily  involved  a  contemporary  system 
of  levees  and  of  drainage.  To  raise  the  waters  of  a  broad  stream 
eight,  or  ten,  or  twenty  feet  above  the  lowest  stages,  grave 
doubts  must  naturally  have  suggested  themselves  upon  a  propo- 
sition to  construct  a  dam  across  a  river  bed  of  loose  gravel,  of 
boulders,  or  of  shifting  sands  of  unknown  depth,  and  with  an 
annual  flood-rise  of  ten  to  thirty  feet  above  the  normal  low  water. 
For  not  only  was  it  necessary  to  view  the  question  as  a  mere  en- 
gineering feat,  but  to  look  upon  it  as  a  commercial  enterprise, 
whether  undertaken  by  the  Government  or  by  companies. 

Tet  this  is  the  problem  which  has  been  successfully  solved 
throughout  India.  It  was  first  accomplished  in  the  Madras 
Presidency;  and  although  the  conditions  were  in  some  respects 
more  difficult  in  Northern  India,  and  engineering  opinion  divided 
upon  the  application,  it  has  nevertheless  succeeded."* 

Attention  has  been  called  judicially  to  a  supposed  menace  to  life 
and  property,  in  case  of  a  break  of  one  of  these  debris  barriers. 
It  is  not  possible  to  conceive  how,  if  the  physical  condition  of 
things  be  properly  understood,  such  a  catastrophe  can  be  ex- 
pected to  occur.  There  is  certainly  no  great  amount  of  water 
impounded. 

Any  impairment  of  the  integrity  of  the  barrier  by  reason  of 
floods  flowing  over  it,  or  by  reason  of  currents  undermining  it, 
must  be  gradual  and  progressive  in  character.  Sudden  and 
complete  destruction — such  as  sometimes  overtakes  an  earthen 
dam  or  reservoir  impounding  water,  entailing  destruction  of  life 
and  property — is  not  possible  in  a  structure  of  the  kind  pro- 
posed for  debris  barriers  in  the  sandy  beds  of  rivers  in  mining 
districts. 

If  the  work  be  undermined,  the  superincumbent  rock  will  fall 

♦See  Ex.  Doc.  No.  94,  Senate  44th  Congress,  1st  Session,  p.  11. 
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into  the  pit,  and  protect  it  from  rapid  enlargement.  The  worst 
that  can  happen  is  that  a  part  of  the  impounded  detritus  will  be 
carried  down  stream  for  a  short  time  until  the  barrier 
could  be  repaired.  If,  however,  it  be  admitted  that,  through 
neglect,  the  structure  might,  in  a  course  of  years,  lose  its  form 
by  settlement  or  by  being  spread  out  down  stream  in  a  long 
plane  of  rocks,  there  can  be  no  disaster  comparable  to  the 
breach  of  a  dam  of  a  large  reservoir  of  water  —  such  as  the  fail- 
ure of  the  English  dam.  The  impounded  material  would  be  free 
to  move  under  the  action  of  the  current,  and  would  be  gradu- 
ally carried  down  stream.  If  it  were  possible  for  a  barrier  with 
detritus  impounded  to  fail  by  sudden  and  complete  disaster,  the 
increase  of  the  slope  of  the  water  surface  would,  undoubtedly, 
threaten  the  banks  below  with  the  heaping  out  of  water;  but 
this  condition  can  never  obtain,  and  the  displacement  of  water 
and  detritus  in  the  case  of  impairment  must  be  gradual  in 
character. 

Should  a  system  of  barriers  be  introduced  and  carried  into 
effect  on  any  of  the  mining  rivers  in  this  State,  it  is  difficult  to 
comprehend  even  in  the  event  of  the  destruction  of  one 
of  them,  by  artificial  means  if  possible,  how  the  men- 
ace to  life  would  occur.  To  remove  all  this  material,  col- 
lected and  spread  to  a  great  width  and  depth  over  the  bed 
of  the  stream  above  the  barrier,  the  velocity  of  whose  current  had 
been  checked  and  diminished  for  miles,  would  be  the  work  of 
years;  and  so  far  as  the  stream  itself  is  concerned,  it  is  very 
questionable  if  it  ever  would  remove  it. 

LEGAL    QUESTIONS,    ETC. 

How  land  is  to  be  obtained  for  the  construction  of  reservoirs 
and  debris  barriers,  and  what  legislative  action  is  necessary  to 
this  end,  in  the  present  status  of  affairs,  comes  hardly  within 
the  province  of  an  engineer  to  determine.  It  appears,  however,  on 
its  face  that,  to  build  such  extensive  works  as  may  be  necessary  in 
impounding  debris  from  the  mines,  the  companies  formed  for 
the  purpose  of  constructing  aud  carrying  on  such  works,  should 
at  all  events  have  the  right  of  eminent  domain. 
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STORAGE  OF  DETRITUS — ESTIMATES  OF  THE   COSTS  OF  CONSTRUCTING  BAR- 
RIERS, AND  COST  OF  STORING  THE  DEBRIS  AND  DETRITUS. 

The  quantity  of  material  which  will  be  stored  by  any 
of  these  barriers  will  depend  on  the  topography  of  the 
country  back  of  it  as  well  as  the  height  of  the  struct- 
ure. The  angle  of  rest  which  material  will  assume  be- 
hind any  barrier  cannot  be  definitely  stated,  but.  judg- 
ing from  what  is  seen  in  the  canons,  the  detritus  will  take 
fully  as  heavy  grades  behind  any  obstruction  as  has  been  seen 
along  the  line  of  the  streams.  In  the  official  estimates  made  of 
the  storage  of  material  behind  a  proposed  debris  barrier  to  be 
placed  at  the  Narrows  it  was  assumed  that  the  grade  of  the  stream 
would  be  from  14  to  15  feet  per  mile.     The  annexed  table  shows 

in    detail    the   estimated  storage  capacity    and  cost  of   such  a 
work.* 

*See  Ex.  Doc.  No.  98,  House  of  Representatives,  47th  Congress,  1st  Session,  p.  88.J 
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The  following  estimate  in  tabular  form,  is  the  one  given  in 
Ex.  Doc.  No-  98,  House  of  Representatives,  47th  Congress,  1st 
Session,  pp.  89  and  90,  for  a  debris  barrier  which  might  be  con- 
structed at  Point  De  Guerre. 

"  The  first  obstruction  and  estimated  delay  on  a  grillage  3 
feet  thick,  and  to  be  10  feet  high  with  slopes  of  1  to  1  and  1  to  3. 
The  crest  width  is  10  feet;  the  second  and  third  barriers  are  to 
be  of  similar  shape,  and  are  respectively  6  and  5  feet  in  height, 
resting  oh  grillage  3  feet  thick. 

The  erection  of  this  barrier  would  avoid  the  necessity  of  one 
at  the  Narrows  for  some  years. 

Stone  is  abundant  on  the  south  bank,  and  a  limited  quantity 
at  hand  on  the  north  bank.  The  material  is  similar  to  that  at  the 
Narrows. 

The  estimates  for  retaining  -  capacity  are  based  on  a  grade  of 
10  feet  per  mile;  the  lightest  grade  existing  in  the  reservoir 
space  above  is  10.5  feet  per  mile.  No  estimate  is  made  for  the 
extension  of  material  over  the  flat  lauds  known  to  exist  above  in 
limited  area. 

The  estimate  is  based  upon  work  done  in  July,  1880,  under 
the  State  Engineer. 

This  series  of  dams  is  estimated  to  cost  per  linear  foot  as 
follows  : 

1.     Dam  10  feet  high,  10-foot  crest. 

Excavation,  8.888  cubic  yards,  at  12%  cents $1  11 

Covering  mattress,  1.11  cubic  yards,  at  12%  cents 14 

5. 11  square  yards  mattress,  at  $1 5  11 

Grillage,   3.5  logs  20  feet  long,  15  to  8  inches  in  diameter,  2  logs  30 

feet  long,  15  to  8  inches  diameter  , 5  50 

Laying,  fastening,  etc 2  50 

12.223  cubic  yards  rock,  at  §1.35,  10  per  cent,  added  for  settlement. .  16  50 

Cost  per  foot $30.86 

2.    Dam  6  feet  high,  Id-foot  crest. 

3  trees  8  to  15  inches  diameter,  20  feet  long,  at  $1 $3  00 

Placing,  fastening,  etc 1  00 

5.3778  cubic  yards  stone,  at  $1.50 8-067 

Cost  per  linear  foot $12 .067 
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3.     Dam  5  feel  high,  8-fool  crest. 

3  logs  15  to  8  inches  diameter,  at  $1 $3  00 

Laying,  fastening,  etc 1  00 

3.66  cubic  yards  stone,  at  SI. 50 5  49 


Cost  per  foot $9  49 

Table  showing  estimate  of  cost  and  effect  of  dams  at  De  Guerre  Point. 


Number. 

Height. 

Length. 

Cost. 

Cost,    contin- 
gencies, dam- 
ages, etc. 

Total  cost. 

Storage  ca- 
pacity. 

Cost  per 

cubic  yd . 

stored. 

1 

2   

3 

Total . . 

Feet. 
10 

6 

5 

21 

Feet. 
5,552 

5,552 

5,552 

Per  foot. 
$30  86 

12  067 

9  49 

(  $71,325  72 
\     17,132  57 
(.   20,000  00 

(   66,995  98 
|     6,699  59 

(    52,088  48 
i   10,537  69 

$345,380  03 

|  8208,458  29 
1      73,695  57 
}      63,226  17 

$345,380  03 

Cubic  yards. 
24,800,000 

19,500,000 

17.500.C00 

61,800,000 

80.0084 
.00326 
.00361 

Succeeding  dams  will  cost  about  the  same  as  the  third,  and 
will  increase  in  storage  capacity;  the  area  available  above  is 
about  4.25  square  miles,  or  2,720  acres.  To  the  cost  of  the  first 
dam  is  added  $20,000  to  cover  the  condemnation  of  several 
pieces  of  property  in  the  area  above  the  dam;  to  the  cost  of  the 
third  are  added  contingencies  of  20  per  cent.,  as  it  will  then,  if 
not  before,  be  necessary  to  erect  a  short  piece  of  dike  on  the 
south  bank  of  the  river.  This  dike  may  be  shortened  and 
thrown  on  better  ground  by  shifting  the  south  end  of  the  dam 
some  1,400  feet  up  stream.  The  change  will  not  materially 
affect  the  length  nor  the  amount  of  material  in  the  dam,  but 
will  leave  the  northern  end  on  lower  ground,  and  necessitate 
that  end  of  the  structure  being  higher;  unequal  settlement  may 
then  be  expected,  and  a  concentration  of  water  at  the  point  of 
greatest  settlement.  The  line  of  dike  which  would  be  necessary 
is  very  short — not  over  3,000  feet  at  the  farthest  —  and  need 
not  exceed  5  feet  in  height  for  the  second  dam,  with  successive 
additions  as  the  dams  are  carried  higher. 

The  dike  line  is  much  improved  by  shifting  the  south  end  of 
the    dam  1,400   feet   above  the  point  shown  in  the  map  of  the 
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locality  as  being  the  south  end  of  the  dam  line.  The  small 
stream  entering  just  above  the  dam  may  be  passed  around  the 
dike,  into  the  river  below  the  dam,  or  be  included  in  the  reser- 
voir space  by  running  the  dike  on  its  south  bank  to  equally 
high  ground;  the  latter  is  respectfully  suggested." 

CONCLUSION*. 

In  reviewing  the  situation  of  affairs  as  shown  in  this  paper,  it 
will  be  noted  that  there  is  no  novel  engineering  feature  pre- 
sented in  the  question  of  impounding  debris.  In  Vol.  I.  of  the 
transactions  of  this  Society,  Mr.  Geo.  J.  Specht  has  called  at- 
tention to  the  methods  employed  in  Southern  and  Central  Eu- 
rope for  "treating  and  controlling  sediment-carrying  torrential 
streams."  This  subject  has  been  treated  in  detail  in  many 
works,  especially  by  Professor  Dr.  Arthur  Freiherrn  von  Seck- 
endorff,  of  Austria,  and  Paul  Demontzey,  Inspecteur  General, 
Chef  du  Service  de  reboisement,  France.  Reference  has  been 
made  to  the  works  in  India  and  in  other  parts  of  the  world, 
and  more  data  are  available.  Masonry  structures  have  been  ex- 
cluded on  account  of  the  expense  which  they  entailed.  It  is  ev- 
ident that  no  unusual  difficulties  are  presented  in  the  construc- 
tion of  debris  barriers  in  this  country. 

There  appears  to  be,  among  a  class  of  people  other  than  engin- 
eers, a  dread  of  catastrophe  from  the  failure  of  the  works  pro- 
posed. That  at  the  present  date  there  exists  such  opinions,  is 
a  matter  unworthy  of  discussion. 

The  barriers  here  might  have  a  greater  height  than  those 
which  have  been  described  in  India;  but  this,  where  material 
is  in  abundance,  is  merely  a  matter  of  financial  detail. 

Leaving  the  mining  interests  out  of  consideration,  remedial 
measures  will,  in  the  future,  be  necessary  for  the  protection  of 
the  valleys  of  California,  and  the  conservation  of  the  navigable 
streams.  It  is  unfortunate  that  the  conflict  between  the  miners 
and  farmers  has  enteied  the  domain  of  politics.  That  the  min- 
ing and  agricultural  interests  should  work  in  harmony,  and  that 
the  decline  of  the  former  industry  is  ultimately  followed  by 
that  of  the  latter,  are  facts  shown  by  historical  precedents;  and 
there  is  no  reason  why,  in  the  present  state  of  affairs,  an  ami- 
cable and  equitable  settlement  should  not  be  reached. 
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A  NEW  METHOD  OF  DIFFERENTIATION. 

By  H.  T.  Comptox,  M.  Tech.  Soc. 
Read  April,  1887. 

The  object  of  this  paper  is  to  explain  a  new  method  of  obtain- 
ing the  differentials  of  functions  of  a  single  variable  or  of  several 
variables,  which  is  believed  by  the  writer  to  be  logical  and  con- 
clusive, and  to  leave  no  doubts  in  the  mind  of  the  student  as  to 
its  absolute  correctness.  In  no  text-book  on  calculus  which  the 
writer  has  seen,  is  there  a  clear  proof  that  the  limit  of  the  in- 
crement of  the  function  divided  by  the  increment  of  the  variable, 
is  ecpaal  to  the  ratio  of  the  differential  of  the  function  to  the  diff- 
erential of  the  variable.  All  that  is  proved  in  the  operations  in 
the  text-books  in  question,  is  a  particular  value  for  the  symbol 

0    ' 
— 77 —  for  each  particular  case. 

By  what  right  of  reasoning  do  the  authors  of  these  text-books 

substitute     dy     for °-    ? 

dx  0 

That  the  conclusion  is  jumped  at  seems  evident. 
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The  writer  suggests  the  following  rnetbod  of  differentiation, 
which  at  least  is  original,  so  far  as  he  knows  : 

Let    y    =    f{x) 

let  dx  be  the  assumed  rate  or  velocity  of  the  variable  expressed 
in  units  of  the  same  kind  as  x,  per  unit  of  time,  and  let  dy  be 
the  corresponding  rate  of  the  function,  per  unit  of  time. 

Let  time  be  represented  by  t. 

Now  suppose  x  to  increase  uniformly  for  t  units  of  time,  it 
will  receive  an  increment  =  dx  t.  y  will  receive  in  the  same 
time,  assumiug  its  velocity  to  continue  uniform,  the  increment 
dy  t.  Substituting  in  the  1st  equation  for  y  and  x  their  new 
values  (y  +  dy  i)  and  [x  -j-  d  I),  we  have 

V  +    dyt  =  f  (x  +  dx  t.) 
Sub.  y      =f  (x) 

dyt  =f(x  +  dxt)-  f{,r) 

dy     =  f  (  x  4-  dx  t )-  f  (.r) 
t. 

Generally  this  is  only  true  when  t  —  0.  The  only  exception 
being  in  the  case  of  functions  which  increase  uniformly  when 
the  variable  increases  uniformly. 

It  is  always  true  when  t  =  0. 

Making  I  =  Owe  have 


dy 


Sf  (x  +  dx  t)  -f  (.r)  X 

V  t  Jt  =  o 


Here  we  have  found  the  value  of  the  dy  directly  in  terms  of  x 
and  the  dx,  by  a  simple  and  clear  algebraic  process. 

By  making  /  =  0  we  correct  any  possible  error  arising  from 
the  assumption  that  y  increases  uniformly  with  x. 

Let  us  now  illustrate  by  a  few  particular  cases. 
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FIRST. 

Let  y  =  xu 
y  +  dyt  =  (x  +  dt)" 

y  +  dyi  =  xn  -{-  nx  n~ldx  t  -f-  n  (n — 1)  x  n~2  dx2  i2  —  dxnta 

2 

dyt  =  nx*-1  dx  t  -\-  n  (  n — 1  )  xnn~2  dx2  f  —  dxnia 

o 

dy    =  nxn~1dx  -j-  terms  containing  £ 
making  t  =  0 
dr/  =  yixn~l  dx. 
dy  =  ?;o;n_:1 
dx 

*  SECOND. 

Functions  of  two  independent  variables: 
Let  u  =  x  -J-  y 
u  -J-  Dt(  i  =  ^  -f-  dx  t  -j-  2/  -[-  dy  t 
Da  t  =  dx  t  -\-  dy  t 

This  is  true  for  all  values  of  /,  because  in  this  case  the  veloc- 
ity of  increase  of  the  function  is  uniform — 

.«.     Da  =  dx  -j-  dy. 

THIRD. 

U  =   X2  -J-  y3 
u-\-Dut=(x-\-dxty-\-(y-{-dyty 
u-\-  Dat  =  x2  +  2  x  dx  t  -f-  cZj;2  ^  -j-  ?/3 

+  3^  <ty  t  +  3y<fy2  «•  -fcfy3  P 

Dat  =  2xdxt-\-  dx2  t2  -f  Sy2  dy  I  -j-  3  i/  (fy2  tf-  -f-  J?/3  /3 

#n  ==  2  *  dx  -f  d*2  *  -f  Sif  dy  -f  3i/rfi/2 «  -f<fy3  * 

makiDg  /  =  0 

Z>it  =  2  x  dx  -f-  3^  dy 

or  7)u  =  d»s      -\-  duy 
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Let  u  =  x 


FOURTH. 

2  xy  +  if 


u,  -j-  Du  t  =  (  x  -\--dx  t  )-'  -f  2  (x  -j-  <ta  /) 
(y+dy  t)  +  (y+  dy  ty 

u  +  Du  1  =  x*  +  2  a-rf.r^  +  dx1 12  +  2  xy  +  2  .r  <ty  t 
+  2//(7.v  /  +  2  efor.  <fy.  P 
+  ,f  +  2//  dy  «  +  (J f  e 

but  =  2  .r  dr  *  +  d.v'  P  +  2  .v  <ty  /  +  2  i/  tf.r  t 
+  2  d.v  rfy  t-  +  2  y  <fy*  +  df  P 
dividing  both  members  by  t.  and  then  making  t  =  0. 

Z>ft  =  2  .vd.v  +  2  xdy  -\-  2  y  dx  -\-  2  y  dy  in  which  it  is 
seen  that  the  total  Da  =  the  sum  of  the  partial  diffs.  with 
respect  to  x  and  y. 

FIFTH. 
DIFFERENTIAL    OF    AN    ARC. 


Take  any  arc  s  and  draw  a  tangent  at  the   point  whose  co-or- 
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SI 


-dinates  =  x  and  y.     The  increment  of  the  arc  =  ds  t  will  lie  in 
the  direction  of  the  tangent,  in  order  to  conform  to  the  hypoth- 
esis that  the  ds  continues  uniform  for  the  time  t. 
It  is  then  easily  seen  from  the  figure,  that 

(ds  ty  =  (dx  ty  -f-  (dy  ty 

(].<-  =  dx1  -{-  dy'1 

Also  that  dy  t  =  dy  =  nat.  tang,  of  the    angle    that  a  tan- 
dx  t         dx 
gent  to  the  curve  makes  with  the  axis  of  abscissas. 

SIXTH. 
DIFFERENTIAL    OF    AN    AREA. 


*i  =  &((„+*«) 


dz  t  =  dx  yt  -\- 


dx  dy  t2 
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,  ,  ,     dx  du    t 

dz  =  dx  y  -\- 

J  2 

making  t  =  0 

dz  =  dx  y 

SEVENTH. 
DIFFERENTIAL    OF    A    VOLUME    OF    REVOLUTION*. 


<s 

as* 

~% 

!  **l°- 

+ 

>. 

|  _j_ 

•=» 

/S            /           V 

1 

yS                                                                    X 

1 

dxt 

d  v  t  will  be  a  frustum  of  a  cone,  the  radius  of  the  upper  bas& 
being  y  of  the  lower  base  y  -f-  dy  t,  and  of  the  mean  proportion- 
al between  the  two  bases  y  -J-  dy  t  and  the  height  being  dx  t. 

dv  I  =     $  dx  t  .  it  y*  -f- 

l  dx  t  .  -  (>f  +  y  t'j f  +  «V  r- )  + 

4: 

$  dxt  .  -  (y*  +  2  y  dyt  -f  dy*  P) 
adding  and  dividing  through  by  t 
dv  =  y-  dx  -  -(-  y  dy  t  2  dx  -j-  5  dy2  t2  2  dx 

T2     . 

making  t  =  0 
do   =         y-  dx  - 
In  a  similar  manner   may   be   found  the  diff.  of  a  surface  of 
revolution. 
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What  is  electricity  ?  Why  is  it  a  means  of  transmitting  pow- 
er? And  why  has  its  usefulness  in  that  line  been  so  long  over- 
looked and  unutilized  ?  These  are  questions  which  are  asked 
every  day,  together  with  a  thousand  others,  implying  either  ig- 
norance or  incredulity,  or  both. 

In  the  matter  of  the  production  and  utilization  of  electricity 
great  strides  have  been  made  within  the  last  decade  —  yes,  even 
within  the  past  two  years;  so  that  many  things  which  were 
viewed  as  problematical,  even  in  the  scientific  world,  a  very  few 
years  ago,  have  become  assured  commercial  facts,  owing  to  the 
improvements  made  by  experimenters  and  manufacturers  in  ap- 
paratus for  generating  electricity,  and  in  other  apparatus  for 
making  it  useful  to  mankind. 

"What  is  electricity?  It  is  a  mode  of  motion.  It  is  a  mani- 
festation of  the  existence  of  active  energy;  and  this  manifesta- 
tion is  made  only  in  assemblages  of  materials,  which  assem- 
blages we  call  electrical.  "We  have  no  sense  by  which  to  recog- 
nize electricity  as  we  have  to  recognize  heat,  light,  sound,  taste 
and  smell.  We  only  recognize  it  secondarily  by  the  aid  of  in- 
struments which  exhibit  their  indications  to  our  senses.  There 
is  no  such  thing,  considered  as  an  entity,  as  electricity,  any 
more  than  there  is  a  material  heat  or  light.     It  is,  then,  only  a 
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motion  of  matter  and  called  electricity.  Being  matter  in  mo- 
tion it  is  produced  by  motion  of  assemblages  of  matter,  and 
communicates  motion  to  still  other  assemblages  of  matter.  It 
is  probable  that  if  we  could  electrically  insulate  all  forms  of 
matter  in  motion  we  would  find  by  electrical  indicators  electrical 
reactions.  Heat,  light,  sound,  chemical  affinity,  mechanical 
motion,  etc.,  produce  electricity;  and  electricity  produces  them, 
all  in  return.  That  which  is  necessary  in  each  case  is  to  provide 
the  proper  assemblages  of  material  which  experience  has  taught 
us,  or  investigation  may  teach  us,  to  be  one  from  which  we  can 
or  may  produce  the  required  action.  Being  then  itself  a  mode  of 
motion,  produced  and  sustained  by  motion,  what  more  suitable 
for  communicating  motion? 

Why  is  its  usefulness  in  the  direction  of  transmitting  power 
only  now  being  recognized  commercially  ?  Let  me  answer  this 
question  by  devoting  a  little  time  in  considering  its  history,  be- 
cause I  think,  besides  being  interesting,  the  answer  to  the  ques- 
tion will  then  be  obvious  to  all. 

In  1819,  Oersted  first  observed  that  when  a  current  of  elec- 
tricity is  caused  to  flow  in  a  wire  placed  parallel  to,  and  in  the 
neighborhood  of,  a  magnetic  bar,  like  a  compass  needle,  the  bar 
is  deflected  from  its  position,  if  free  to  move,  and  tends  to  place 
itself  in  a  direction  perpendicular  to  the  electric  wire,  and  that 
the  extent  of  the  deflection  of  the  needle  is  determined  mainly 
by  the  strength  of  current  of  electricity  in  the  wire.  By  a  "cur- 
rent "  of  electricity  we  mean  the  motion  taking  place  in  the 
molecules  of  the  electric  wire.  The  term  "current"  is  a  relic  of 
the  time  when  electricity  was  theoretically  considered  to  be  an 
imponderable  fluid  which  moved  from  place  to  place. 

Oersted's  wire  and  needle  was  an  electric  motor,  incipient  to 
be  sure,  but  the  germ  from  which  great  things  have  grown. 
From  the  experiment  we  learn  that  electricity  can  move  matter. 
For  several  years,  beginning  about  the  year  1830,  Faraday  ex- 
perimented in  the  line  of  investigation  opened  by  Oersted's  dis- 
covery, and  published  in  his  Experimental  Researches  his  experi- 
ments, deductions,  theories,  etc.  In  his  publications  he  gave  to 
the  world  the  principles  governing  electro  -  magnetism,  and 
clearly  foretold  the    electromotor  which    he,  in   his  ardor  for 
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original  research,  omitted  to  make  of  practical  utility.  But 
others,  building  on  his  foundation,  made  electric  motors  which 
they  put  to  use. 

"The  first  electromagnetic  engine  which  was  something  more 
than  a  mere  model,  was  constructed  by  Prof.  Jacobi  of  St.  Pe- 
tersburg, in  1834.  In  1838  he  succeeded  in  propelling  a  boat, 
containing  ten  or  twelve  persons,  on  the  River  Neva.  The  ves- 
sel was  a  ten-oai-ed  shallop,  equipped  with  paddle  wheels,  to 
which  rotary  motion  was  communicated  by  an  electro-magnetic 
engine.  The  boat  was  28  feet  long  and  1\  feet  in  width,  and 
drew  2|  feet  of  water.  During  a  voyage  which  lasted  several 
days  the  vessel  went  at  the  rate  of  four  miles  per  hour.  In 
1839  Jacobi  tried  a  second  experiment  in  the  same  boat.  The 
machine,  which  was  the  same  as  that  used  on  the  previous  occa- 
sion, and  which  occupied  little  space,  was  worked  by  a  battery 
of  64  platinum  folates,  each  having  36  square  inches  of  surface, 
and  charged,  according  to  the  plan  of  Grove,  with  nitric  and 
sulphuric  acids.  The  boat,  with  a  party  of  fourteen  persons  on 
board,  went  against  the  stream  at  the  rate  of  three  miles  per 
hour." 

"  In  1842,  Davidson's  electro-magnetic  engine  was  built,  and 
tried  by  the  inventor  on  the  Edinburgh  and  Glasgow  Railway. 
It  weighed  with  its  carriage,  batteries,  etc.,  five  tons,  but  when 
put  in  motion  on  the  rails,  it  onl}'  traveled  four  miles  an  hour, 
thus  exhibiting  a  power  less  than  that  of  a  single  man." 

"In  1850,  Page  exhibited  one  of  his  engines,  of  between  four 
and  five-horse  power,  at  the  Smithsonian  Institution,  the  battery 
to  operate  which  was  contained  within  the  space  of  three  cubic 
feet.  It  was  a  reciprocating  engine  of  two-feet  stroke,  and  the 
whole,  including  the  battery,  weighed  about  one  ton.  Page 
stated  that  the  consumption  of  three  pounds  of  zinc  per  day 
would  produce  one-horse  power.  But  Joule's  estimate  is  wide- 
ly different;  he  calculates  that  in  an  electro  -  magnetic  engine 
constructed  most  favorably  to  prevent  loss  of  power,  the  con- 
sumption of  zinc  per  twenty  -  four  hours  to  produce  one  -  horse 
power  is  in  Grove's  battery  forty-five  pounds,  and  in  Daniell's 
battery  seventy-five  pounds." 

The  dynamic  value  of  a  pound  of   zinc   combining   with  an 
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equivalent  amount  of  sulphuric  acid,  is  2,100,000  foot  pounds. 
Therefore  if  the  electro-magnetic  engine  had  been  a  theoretically 
perfect  one,  one  pound  of  zinc  in  a  perfect  battery  would  have 
yielded  a  little  over  one-horse  power  for  each  hour,  or  twenty- 
four  pounds  would  be  required  in  twenty-four  hours.  But  the 
motor,  as  we  now  know,  was  far  from  being  perfect,  and  a  gal- 
vanic battery  does  not  utilize  the  full  dynamic  value  of  the  zinc 
and  acid.  It  is  therefore  evident  that  Page's  statement  was  much 
too  small.  A  host  of  experimenters  and  inventors  of  motors 
arose,  but  their  inventions  never  came  to  commercial  success, 
owing  to  at  least  two  reasons:  The  inefficiency  of  their  motors 
in  converting  electrical  into  mechanical  energy;  and  the  great 
cost  of  that  electrical  energy  when  produced  by  the  union  of 
zinc  and  acid  in  even  the  best  possible  constructions  of  bat- 
teries. 

Now  let  us  turn  to  the  rise  of  the  mechanical  generator  of 
electricity.  It  was  reserved  for  Faraday  to  show  in  1830,  pre- 
liminarily, how  electricity  could  be  produced  by  mechanical 
motion.  Arago  had  previously  (1821)  shown  that  when  magnets 
were  moved  in  certain  directions  relatively  to  disks  or  other 
forms  of  metals,  motion  was  imparted  to  the  disks  without  the 
magnets  even  touching  them.  He  also  showed  that  conversely 
the  disks  when  moved  would  impart  motion  to  the  magnets. 
The  discoveries  of  Faraday  explained  these  phenomena,  and 
showed  plainly  that  they  were  due  to  electricity  —  that  when 
conductors  were  moved  in  the  neighborhood  of  magnets,  cur- 
rents of  electricity  were  induced  in  the  conductors,  and  that  the 
conditions  so  set  up  were  such  as  to  oppose  the  motion.  There- 
fore if  the  magnet  was  free  to  move  it  moved  with  the  con- 
ductor. 

Conversely:  If  the  magnet  was  moved  in  the  neighborhood  of 
the  conductor  the  conductor  had  set  up  in  it  an  electric  current 
which  opposed  the  motion;  and  if  the  conductor  was  free  to 
move,  it  followed  the  magnet. 

These  facts  having  been  discovered  and  given  to  the  world, 
experimenters  and  inventors  soon  made  machines  for  moving 
the  wires  and  magnets  for  the  purpose  of  producing  electricity. 
Faraday  had  also  shown  that  when  currents  of  electricity  were 
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caused  to  flow  through  wires  coiled  around  iron  cores  the  iron 
cores  became  strongly  magnetic;  and,  conversely,  when  magnetic 
masses  were  moved  within  coils  of  wire,  connected  in  circuit, 
currents  of  electricity  were  produced  in  the  coils.  Therefore 
the  inventor  bad  a  short  road  to  travel  in  the  effort  to  gain  a 
machine  for  the  generation  of  electricity. 

In  1832,  Pixii  exhibited  his  electric  generator  to  the  Academy 
of  Sciences  in  Paris.  This  generator  consisted  of  a  steel  perma- 
nent magnet,  before  the  poles  of  which  two  bjbbins  of  wire  sur- 
rounding the  arms  of  a  U-shaped  mass  of  iron  were  rotated. 
During  rotation  of  the  bobbins  fastened  on  the  U -armature  be- 
fore the  poles  of  the  magnet  the  arms  of  the  U-armature  were 
magnetized  alternately  N.  &  S.  This  action  induced  currents  of 
electricity  to  flow  in  the  coils.  Pixii's  machine  has  been  modi- 
fied in  many  ways,  but  mainly  in  the  matter  of  multiplications 
of  bobbins  and  magnets.  But  they  have  been  found  highly  in- 
efficient and  therefore  have  been  abandoned  as  machines  for  the 
production  of  currents  of  electricity  for  most  of  purposes.  The 
Siemens'  modification  is  in  extensive  use  in  the  magneto-call 
attachment  to  telephonic  apparatus.  They  are  useless,  no  mat- 
ter what  their  size,  for  the  purposes  of  power  transmission. 

In  18G7,  Messrs.  Siemens  and  Wheatstone  each  read  during 
the  same  meeting  of  the  Royal  Society  in  London  papers  upon 
the  "Conversion  of  Dynamical  into  Electrical  Force  without  the 
Aid  of  Permanent  Magnetism,"  in  which  they  both  claimed  pri- 
ority in  the  discovery  of  what  has  since  been  called  the  "  prin- 
ciple of  mutual  accumulation  in  dynamo  -  electric  machines." 
Machines  embodying  this  principle  are  constructed  as  follows: 
The  stationary  electro-magnet,  between  the  poles  of  which  the 
electro-magnetic  armature  is  rotated,  having  once  been  magnet- 
ized, and  though  of  soft  iron,  retains  thereafter  a  slight  magnet- 
ism which  is  denominated  "residual  magnetism."  This  residual 
magnetism  is  sufficient  to  induce  in  the  core  of  the  armature- 
electro-magnet  slight  changes  in  its  magnetism  as  it  is  rotated. 
These  changes  produce  currents  in  the  armature  coils,  which 
currents  being  conducted  through  the  coils  of  the  stationary 
electro- magnet  increases  its  magnetism,  and  that  in  turn  pro- 
duces stronger  changes  in  the  armature  magnetism  and  increase 
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of  current,  which  increased  current  increases  the  several  reac- 
tions as  before  stated,  until  by  the  mutual  accumulations  the 
maximum  of  current  strength  from  the  machine  is  produced.  It 
will  be  seen  that  such  a  machine  is  a  mechanism  for  the  conver- 
sion of  the  mechanical  motion  called  power  into  electricity;  or, 
rather,  electrical  energy.  Having  the  electrical  motor  by  which 
the  electrical  energy  may  be  reconverted  to  power,  a  conductor 
joining  it  with  an  electrical  generator  completes  a  simple  system 
for  the  transmission  of  power  from  one  place  to  another.  Up 
to  this  time  (1869)  the  electrical  generators  and  motors  which 
had  been  produced  were  very  defective  in  the  point  of  efficiency. 
That  is  to  say,  but  a  very  small  part  of  the  energy  involved  was 
conserved  as  electricity  which  could  be  utilized  in  the  circuits. 
Most  of  the  energy  was  practically  lost  in  the  way  of  producing 
heat,  localized  currents  of  electricit}f  which  were  unutilizable, 
friction  of  journals  and  of  the  parts  against  the  air,  etc. 

In  18G9  Gramme  invented  his  celebrated  electric  generator, 
which  is  the  type  of  all  of  the  dynamos  now  made  for  the  pro- 
duction of  continuous  currents  of  electricity.  Some  years  there- 
after, however,  some  one  discovered  that  in  1860  Prof.  Pacin- 
noti  of  the  University  of  Pisa,  had  made  an  electric  motor  em- 
bodying the  same  principles  of  construction  and  operation;  and 
that  in  1864,  in  an  Italian  journal  of  science,  11  Nuovo  Gimenlo, 
he  described  his  motor  and  the  emperiments  which  he  tried  with 
it  in  the  way  of  lifting  weights,  etc.  He  also  stated  that  which 
had  not  seemed  to  have  been  suspected  theretofore,  that  the 
•electromotor  was  reversible  —  that  is  to  say,  when  its  armature 
was  rotated  by  power  it  produced  currents  of  electricity.  The 
statements  of  Pacinnoti  made  in  1864  did  not  attract  the  atten- 
tion which  they  richly  deserved.  He  seems  to  have  been  far 
ahead  of  his  time. 

The  fact  that  mechanical  generators  of  electricity  could  be 
used  in  connection  with  motors,  was  not  discovered,  or  if 
discovered  was  not  placed  in  practical  use,  until  the  year 
1873,  at  the  Vienna  Universal  Exposition;  and  then  it  only 
occurred  to  the  distinguished  electrician,  Fontaine,  after  he  had 
failed  to  get  one  of  his  Gramme  dynamos  to  act  as  a  motor  by 
electricitv  from  his  batteries.     After  thinking:   the  matter  over 
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U  whole  night  he  concluded  that  perhaps  he  might  run  it  by 
electricity  from  his  other  Gramme  dynamo.  This  he  did  with 
success,  much  to  his  astonishment  and  that  of  others.  After 
several  additions  of  wire  to  his  conductors  joining  the  two  ma- 
chines he  had  a  circuit  of  upwards  of  two  kilometres,  and  the 
arrangement  worked  a  pump  with  great  success.  This  seems  to 
have  been  the  first  case  of  transmission  of  power  by  electricity, 
even  though  electric  generators  and  electric  motors  had  been 
known  for  forty  years.  Since  1873  many  applications  of  elec- 
tricity for  the  transmission  of  power  have  been  made;  but  it  is 
only  within  the  past  very  few  years  that  the  matter  has  assumed 
any  considerable  proportions.  In  May,  1877,  the  writer  in  a 
paper  read  before  the  American  Institute  of  Mining  Engineers, 
considered  the  problem  of  conveying  1,000  h.  p.  the  distance  of 
thirty  miles  from  the  falls  of  Niagara.  The  impracticability  of 
the  scheme  was  decided  only  upon  the  fact  that  the  interest  on 
the  cost  of  plant  such  as  then  could  be  built  would  exceed  the 
cost  of  coal  to  produce  1,000  h.  p.  continuously  at  the  desired 
locality.  But  in  1878  machines  had  not  been  built  which  would 
make  a  conversion  of  mechanical  to  electrical  energy  of  more 
than  40  per  cent.  Under  that  condition  all  the  power  which 
could  be  transmitted  did  not  constitute  more  than  40  per  cent, 
of  40  per  cent.,  or  16  per  cent,  of  the  primary  power.  This 
condition  then  existing  narrowed  the  availability  of  an  electrical 
power  plant  exceedingly. 

At  the  Centennial  Exhibition  (1876)  Mr.  William  Wallace  of 
Ansonia,  Conn.,  exhibited  dynamos  and  electric  motors  in  ope- 
ration. In  1881  the  firm  of  Siemens  &  Halske  built  the  Lichter- 
felde  electric  railway  in  Berlin,  and  have  succeeded  it  with  many 
others  in  Europe.  The  longest,  exceeding  six  miles,  is  the 
Portrush  Electric  Railway  in  Ireland.  Many  electric  railways 
are  in  operation  in  the  United  States;  and  many  thousands  of 
motors,  varying  from  fractions  of  a  man  power  to  many  horse 
power,  are  also  run  from  central  stations  at  which  the  electricity 
is  generated,  after  the  manner  of  electric  light  stations  in  the 
cities  and  towns.  And  the  writer  is  now  building  motors  for 
use  on  electric  railways  and  for  power  distributing  purposes  in 
the  cities  of  the  Pacific  Coast. 
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Having  thus  hastily  glanced  at  the  history  of  electric  power, 
I  next  beg  your  attention  to  a  description  of  a  typical  dynamo 
and  motor,  coupled  with  considerations  of  the  principles  in- 
volved. 

First,  as  to  principles:  All  electrical  actions  and  reactions  are 
expressed  in  units  of  electro-motive  force,  resistance  and  current. 
Electro-motive  force  is  that  quality  of  a  source  in  virtue  of  which 
it  tends  to  do  work  by  the  transfer  of  electricity  from  one  point 
to  another.  The  work  done,  whether  it  be  mechanical  or  chem- 
ical or  thermal,  was  proved  experimentally  by  Dr.  Joule  to  be 
proportional  to  the  square  of  the  current  multiplied  by  the  time 
during  which  it  acts,  and  by  the  resistance  of  the  circuit.  By 
the  term  electrical  resistance  is  to  be  understood  that  quality  of  a 
conductor  in  virtue  of  which  it  prevents  the  performance  of 
more  than  a  certain  amount  of  work  in  a  given  time  by  a  given 
electro-motive  force.  By  the  term  electrical  current  is  meant  the 
cause  of  the  peculiar  properties  possessed  by  a  conductor  used 
to  join  the  opposite  poles  of  a  source  of  electricity,  such  as  the 
effect  upon  a  magnet  in  its  neighborhood,  the  magnetization  of 
iron,  etc.  These  terms  were  adopted  by  the  British  Association 
in  1863. 

Dr.  Ohm  laid  down  the  law  which  governs  the  relations  of 
these  three  qualities,  aud  expressed  the  law  algebraically  thus: 

E  =  C  R. 


c~ 

B. 

E 

E  = 

■■  C 

In  these  formulae  E is  for  electro-motive  force;  R  for  resist- 
ance; and  C  for  electrical  current.  To  illustrate  by  the  closest 
analogy :  Electro-motive  force  may  be  pressure,  as  of  a  column 
of  water;  resistance  the  friction  of  the  water  in  the  conducting 
pipe;  and  current  the  cross-section  of  water  passing  through. 
But  the  analogy  is  not  altogether  true,  because  the  current  of 
water  is  not  determined  by  the  pressure  or  head,  divided  by  the 
friction  of  the  water  against  the  walls  of  the  pipe.  The  analogy 
is  often  used  for  purposes  of  illustrating  the  point.     But  it  is 
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apt  to  mislead.     It  is  better  to  stud)'  the  subject  upon  its  own 
basis. 

The  unit  of  electro-motive  force  is  called  a  volt.  The  unit  of 
resistance  is  called  an  ohm.  The  unit  of  current  is  called  an 
ampere.     Ohm's  law  may  then  be  graphically  stated  as  follows: 

Volts 

qj— =  Amperes. 

Volts  =  OhtnsX  Amperes. 

Volts 

-i =  Ohms. 

Amperes 

In  1863,  the  British  Association  adopted  an  electro  -  magnetic 
value  for  the  ohm,  which  value  was  determined  by  a  process  too 
long  and  elaborate  to  here  describe.  In  1881,  the  Congress  of 
Electricians  in  Paris  adopted  absolute  dynamic  values  for  the 
volt,  ohm  and  ampere,  which  are  based  upon  the  work  done  by 
a  gramme  falling  at  the  rate  of  a  centimetre  per  second  of  time. 
This  system  of  measurement  is  known  as  the  c.  g.  s.  (centimetre- 
gramme-second)  system,  and  is  unquestioned.  It  has  done  for 
electricity  what  Joule's  unit  of  heat  has  done  for  engineering. 
It  has  made  a  unit  which  is  easily  convertible  into  kilogramme- 
tres  or  foot-pounds.  The  c.  g.  s.  unit  is  very  small  —  much  too 
small  for  ordinary  use  in  the  art.  Therefore  the  volt,  ohm  and 
ampere  have  been  adopted  for  such  use  and  are  valued  as  fol- 
lows : 

Volt        =  10  s    ) 

Ohm        —  10 9    >-  c.  g.  s.  units. 

Ampere  =  10-1  ) 

There  is  a  unit  of  power  which  is  called  the  "  watt,"  after 
Watt  of  steam  engine  fame.  The  value  of  the  watt  is  algebra- 
ically expressed  thus:  C2  R=ExC=VoltxAmpere=P=Watt. 
Theoretically  and  experimentally  the  value  of  a  watt  has  been 
determined  to  be  the  Tf¥  part  of  a  horse-power,  746  watts  = 
33,000  foot-pounds. 

Electricians  have  instruments  which  are  modified  galvanom- 
eters, called  respectively  Voltmeters,  Ohmmeters  and  Am- 
meters,   and    authentically    calibrated   at   least  as  closely    as   a 
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foot  rule,  a  pound  weight  or  a  clock  second  of  time.  Know- 
ing any  two  of  the  three  quantities — ohm,  volt  and  ampere — 
the  other  can  be  calculated  by  simple  multiplication  or 
division  under  Ohm's  law.  And  so  equally  well  the  dynamic 
value  or  foot-pounds.  I  make  these  statements  so  elaborate  for 
two  reasons  —  (1)  to  elucidate  my  subject,  and  (2)  because  the 
statement  has  been  made  before  this  Society  that  "Electricians, 
for  some  reason,  seem  to  avoid  a  conversion  of  their  terms  into 
foot-pounds  and  horse-power,  and  it  is  with  some  difficulty  one 
learns  the  dynamic  value  or  money  value  of  the  amount  of  power 
that  can  be  transmitted  aud  applied  by  a  second  motor.  This 
I  construe  as  a  significant  fact  in  electrical  science,  because,  if 
electricians  could  see  'hope  and  promise'  of  power  transmission 
by  electrical  means,  they  would  long  ago  have  established  a 
system  of  terms  and  values  concurrent  with  those  employed  in 
dynamics."  (Richards  on  Power  Distribution,  p.  94.)  On  the 
contrary,  all  reputable  manufacturers  of  dynamos  and  electric 
motors  constantl}"  use  these  terms  and  the  instruments  for  de- 
termining such  values  in  all  cases  of  investigation.  Electric 
lamps,  electric  motors  and  dynamos  as  compared  by  their  val- 
ues in  watts.  And  the  watts  are  readily  obtained  by  placing  a 
voltmeter  and  ammeter  to  the  circuit  of  the  machine  and  reading 
their  deflections. 

Then   volts  X  amperes  =  watts,  and =  horse-power. 

Now  let  us  apply  these  instruments  and  others  to  an  illustra- 
tive case.  We  will  take  for  our  plant  a  100  h.  p.  steam  engine 
driving  a  dynamo  of  approximately  the  same  h.  p.;  a  conductor 
extending  to  and  from  between  dynamo  and  an  electric-motor 
at  a  distance  of  say,  one  mile;  the  electric-motor  doing  work 
like  pumping  water,  for  instance.  Having  indicated  our  steam 
engine,  we  find  100  h.  p.  is  applied  to  the  dynamo  belt  when 
the  dynamo  is  at  work.  Now  introduce  in  the  circuit  an  amme- 
ter, and  joining  the  binding  posts  of  the  dynamo  the  circuit  of 
a  voltmeter.     At  the  same  instant  these  two  instruments  read 

30  amperes  and  2262.9  volts.     Then,     30  X  2262,9  =  91  h.  p. 

746 

This  shows  an  efficiency  of  ^W;  because  91  h.  p.  is  the  electrical 
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output  of  the  dynamo  in  return  for  the  100  h.  p.  expended  upon 

it.     Having  previously  measured  the  electrical  resistance  of  the 

conductor  between  the  dynamo  and  motor  and  found  it  to  be 

i         i.i         it,     f  i        1  ohm  X  302  amperes        ,  n  , 

one  ohm,  then  the  formulae,  — ±- =  1.2  h.p. 

746  * 

expended  in  forcing  30  amperes  through  the  one  ohm  resistance 

of  the  conductor.     Now  we  will  have  a  voltmeter  and  ammeter 

at  the  motor,  and  make  reading  of  them  at  the  same  moment  of 

reading  those  at  the  dynamo.     The  readings  are  80  amperes 

and  2232.9  volts.    Then,  30x2232-9  =  89.8  h.  p.,  which  is  the 

746  * 

electrical  energy  applied  to  the  electric-motor.  Having  found 
by  measurements  well  known  to  the  hydraulic  engineer,  that 
the  actual  power  exerted  on  the  pump  by  the  electric-motor  is 

81  71 

81.71  h.  p  .  we  find  that ' —  expresses    the  commercial  effi- 

r  100        ^ 

81  71 
ciency  of  the  plant.     We  also  find  — —  =  91,  the  percentage  of 

89.  o 

conversion  made  by  the  motor  of  electrical  energy  into  mechan- 
ical power. 

This  is  not  at  all  a  hypothetical  case,  but  rather  one  capable 
of  demonstration.  It  has  been  said,  with  truth,  that  dynamo- 
electric  machines  are  the  most  nearly  perfect  known  converters 
of  modes  of  energy.  By  dynamo-electrical  machines,  I  mean 
both  generators  and  motors. 

You  ask  how  are  such  machines  made?  \Yhat  are  the  require- 
ments ?  Mechanical  generators  of  electricity  are  machines  for 
moving  wires  between  the  poles  of  magnets  for  the  production 
of  currents  of  electricity  in  the  wires,  which  currents  are  con- 
ducted through  wires  connected  to  the  dynamo  wires  to  places 
where  utilized.  Electric-motors  are  machines  in  which  wires 
are  moved  between  the  poles  of  magnets  by  currents  of  elec- 
tricity passing  through  the  wires,  and  which  thus  furnish  power 
for  mechanical  purposes.  In  both  cases  the  losses  are  due  (1) 
to  friction  of  the  moving  parts  at  the  journals  and  commuta- 
tors; (2)  the  electrical  resistances  of  the  wires  which  are  part 
thereof;  and  (3)  to  the  production  of  local  currents  in  the  masses 
of  metal   forming  the  parts  of  the  machines;  which   local  cur- 
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rents  are  not  available  iu  the  working  circuits  of  the  machines, 
and  are  technically  called  Foucault  currents.  These  are  the 
principal  sources  of  loss.  There  are  others,  but  they  need  not 
be  considered  here.  The  laws  governing  these  losses  are  well 
understood,  and  the  means  of  prevention  are  well  defined,  so 
that  suitable  construction  will  reduce  the  losses  from  these 
causes  to  the  minimum. 

The  early  motors  were  constructed  after  the  following  three 
plans:  (1)  A  stationary  permanent  magnet,  or  magnets;  a  rota- 
ry, or  a  reciprocating,  electro-magnet  or  magnets,  as  an  arma- 
ture; and  an  arrangement  called  a  commutator,  by  which  the 
direction  of  the  current  of  electricity  was  reversed  in  the  coils 
of  the  armature  electro  -  magnet  at  the  moment  of  passing  the 
poles  of  the  stationary  magnet.  (2)  The  same  parts,  except  that 
the  permanent  magnet  was  replaced  by  an  electro-magnet.  (3) 
Stationary  electro-magnets  and  masses  of  iron  which  were  rotated 
in  the  neighborhood  of  their  poles,  and  a  commutator  by  which 
the  current  was  reversed  at  the  moment  of  the  passing  of  the 
masses  of  iron  past  the  poles  of  the  magnets.  Innumerable 
changes  were  rung  upon  these  parts,  but  the  three  named  are 
the  typical  ones.  What  were  their  faults  ?  Let  us  see.  With 
each  change  in  the  direction  of  the  primary  current  of  electricity 
secondary  currents  were  generated  in  the  masses  of  metal  which 
were  surrounded  by  the  coils  of  wire.  With  each  reversal  of 
magnetism  in  the  cores  or  masses  of  iron  like  currents  were  gen- 
erated in  them.  These  currents  were  not  of  the  least  use,  and 
simply  represented  the  power  wasted  in  producing  them.  The 
currents  are  called  Foucault  currents  (after  Foucault),  and  have 
been  the  bane  of  the  dynamo  and  motor  inventor.  These  losses 
were  very  serious,  and  represented  in  many  cases  over  eighty  (80) 
per  centum  of  the  power -equivalent  of  the  current  supplied  to 
the  motors.  The  existence  of  Foucault  currents  was  either  not 
understood  or  was  ignored.  All  sorts  of  lever  devices,  such  as 
are  affected  by  perpetual  -  motion  men  in  the  effort  to  cheat 
Nature,  were  tried,  but  without  success.  Each  lever  addition 
made  so  much  more  friction  to  be  overcome.  In  the  effort  ex- 
cessive lengths,  and  consequently  excessive  electrical  resistances, 
of  wire  were  added,  thus  increasing  the   amount  of   electrical 
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energy  required.  The  electrical  energy  requisite  being  as  C2  K. 
Of  course  resistance  cannot  be  altogether  avoided,  but  it  is  evi- 
dent that  it  should  be  made  as  small  as  is  practicable. 

"With  the  invention  of  the  Gramme  machine  in  1869  was 
ushered  in  the  new  era  of  electrical  appliances.  All  the  dynamos 
and  electrical  motors  of  the  present  day,  which  are  of  any 
commercial  value,  are  modifications  of  the  Gramme  dynamo-.. 
Therefore  a  typical  description  of  it  will  serve  with  which  to  be- 
gin the  consideration  of  the  practicable  electro-dynamic  machines 
which  are  so  fast  coming  into  use. 

The  Gramme  machine  consists  of  a  stationary  electro-magnet 
between  the  poles  of  which  its  armature  is  rotated.  This  arma- 
ture consists  of  a  ring  of  iron  on  which  is  wound  the  coils  of  in- 
sulated wire  in  which  the  currents  of  electricity  are  generated. 
On  the  shaft  of  the  armature  an  instrument  called  a  commutator 
is  mounted.  The  shaft  is  passed  through  the  ring  concentrically 
with  its  periphery.  The  iron  core  of  the  ring  is  made  up  of  a 
coil  of  iron  wire,  so  as  to  avoid  the  objectionable  Foucault  cur- 
rents, it  having  been  experimentally  found  that  dividing  the 
mass  of  iron  and  insulating  the  parts  from  one  another  decreased 
these  currents.  The  coils  of  insulated  copper  wire  are  wound 
upon  the  iron  ring-core  by  threading  them  through  and  through 
the  ring  and  parallel  to  the  shaft,  but  perpendicular  to  the  di- 
rection of  the  winding  of  the  iron  wire.  At  predetermined  in- 
tervals loops  are  run  from  the  copper  coils  to  the  sectors  of 
the  commutator,  a  loop  to  each  sector.  The  commutator  is  a 
cylinder  of  metal  divided  into  sectors  which  are  insulated  from 
one  another  except  through  the  loops  and  wires  of  the  armature. 
At  diametrically  opposite  points  on  the  commutator,  and  on  a 
line  midway  between  the  poles  of  the  stationary  magnet,  springs 
press  on  the  commutator  and  serve  to  conduct  the  currents  gen- 
erated in  the  armature  coils  to  the  external  circuit.  This  ma- 
chine is  perfectly  reversible — that  is  to  say,  if  mechanical  power 
be  applied  to  its  pulley  it  will  generate  electricity.  It  is  a  con- 
verter of  mechanical  energy  into  electrical  energy.  Or  apply  a 
current  of  electricity  to  its  wire  coils  and  it  is  an  electric  motor, 
a  user  of  electrical  energy,  a  converter  of  electrical  energy  into 
mechanical  energy. 
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Many  varieties  of  the  Gramme  machine  have  been  made  and 
called  by  various  names,  as  have  been  made  many  varieties  of 
Watt's  steam  engine.  The  variations  have  been  in  the  form  and 
mass  of  the  stationary  magnets;  the  length,  diameter  and  thick- 
ness of  the  armature  core;  the  substitution  of  other  divided 
forms  of  iron  in  the  core;  changes  in  the  manner  of  winding  the 
insulated  copper  wires  on  the  armature  core,  etc.,  in  endless 
number. 

It  has  been  found  theoretically,  experimentally  and  practically 
that  the  Gramme  machine  is  vastly  improved v  by  making  the 
armature  core  of  thin  disks  of  iron  instead  of  the  iron  wire;  one 
reason  is  because  in  that  way  the  iron  is  better  presented  to  the 
inductive  action  of  the  stationary  magnet.  By  this  construction 
the  wasteful  Foucault  currents  are  very  much  decreased.  Con- 
sequently upon  this  the  length  of  wire  needed  on  the  machine 
is  much  decreased,  and  with  a  corresponding  decrease  in  its 
electrical  resistance,  and  therefore  in  the  waste  of  power.  The 
actual  improvements  have  been  in  the  substitution  of  properly 
proportioned  amounts  of  iron  in  the  cores  of  the  stationary  mag- 
net and  armature  for  great  lengths  of  copper  wire.  The  writer 
has  made  dynamos  which  had  less  length  and  weight  of  wire  on 
each  of  those  used  for  the  production  of  thirty  arc  lights  than 
were  on  one  of  the  early  Gramme  machines  used  for  the  pro- 
duction of  one  light.  Such  improvements  have  increased  the 
efficiency  of  dynamos  and  motors  from  less  than  40  per  cent,  to 
over  90  per  cent.,  so  that  while  in  1873  scarcely  16  per  cent,  of 
transference  of  power  by  means  of  electricity  could  be  effected, 
now  it  is  possible  to  transfer  by  this  meaus  upwards  of  80  per 
cent. 

Time  is  too  limited,  neither  is  it  necessary  here,  to  name  a 
long  list  of  illustrations  of  the  practical  workings  of  electrical 
transmission.  They  are  enumerated  in  the  many  publications 
upon  the  subject.  See  Da  Moncel's  Electricity  as  a  Motive  Power; 
Kapp's  Electrical  Transmission  of  Energy;  Luce's  Electric  Bail- 
ways  and  the  Electrical  Transmission  of  Power;  Martin  &  Wetzler's 
The  Electric  Motor  and  its  Applications;  Urquhart's  Electric  Motors; 
the  Proceedings  of  the  National  Electric  Light  Association  a  month 
ago  in  Philadelphia;  and  the  electrical  serial  publications,  such 
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as  the  Electrical  World,  Electrician,  Electrical  Review,  etc.  We 
will  only  consider  briefly  a  few  of  the  possible  and  practicable 
applications  of  this  mode  of  power  transmission.  Having  a 
dynamo  and  motor  of  90  per  cent,  efficiency  each  we  can  trans- 
mit power  within  their  capacity  with  only  the  further  loss  due 
to  the  electrical  resistance  of  the  conductor  joining  the  two. 
As  this  resistance  varies  directly  as  the  length  of  the  conductor 
and  inversely  as  its  cross  section,  it  follows  that  the  loss  from 
that  reason  can  in  all  cases  be  made  as  small  as  may  be  prac- 
ticable when  the  cost  of  the  conductors  is  considered,  compared 
with  the  worth  of  the  power  saved  or  lost.  One  mile  of  con- 
ductor of  round  copper  0.460  of  an  inch  in  diameter,  weigh- 
ing 3,375  pounds  per  mile,  and  having  a  resistance  of  0.259 
ohm  per  mile,  now  costs  in  San  Francisco  about  $650.  If  100 
electrical  horse-power  divided  as  follows, 

2187  volts  X  30  amperes i  on  h 

746  "  *  P' 

was  to  be  transmitted  over  this  mile  of  conductor  the  loss  would 
be  0.312  horse-power,  as  per  this  formula: 

30  ~   amperes  X  0.259  ohms .  n  312  1 

U6~  "  P' 

Suppose  that  we  take  a  No.  6  wire,  weighing  419  pounds  per 
mile,  having  a  resistance  of  2.08  ohms  per  mile  and  costing  $80, 
then  the  loss  would  be  2.51  horse-power,  as  per  this  formula: 

30'2  amperes  X  2.08  ohms o  si  i 

~746—  '         '  P' 

The  question  then  is  shall  we  spend  $570  more  per  mile  in  cost 
of  plant  that  we  may  save  over  two  horse-power  per  mile  con- 
tinually thereafter?  Where  power  is  abundant  and  cheap,  Xo; 
where  power  is  limited  and  dear,  Yes. 

Dynamos  can  be  made  of  any  size  up  to  1,000  horse-power  or 
larger.  Motors  can  be  made  of  any  size,  from  that  of  a  mouse- 
power  up  to  a  thousand  horse-power  or  more.  They  weigh  say 
50  or  60  pounds  per  horse-power,  and  at  present  sell  for  big 
prices. 
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What  are  their  practical  applications?  For  one,  I  imagine  a 
central  station  in  a  city  and  where  steam  engines  and  boilers  are 
located,  having  a  capacity  of  say  1,000  horse  -  power,  with  the 
best  approved  appliances  for  the  economical  production  of  power, 
and  dynamos  of  high  efficiency  producing  electricity  which  is 
sent  out  over  the  city  to  elevators,  street  railways,  factories, 
printing  offices,  machine  shops,  sewing  machines,  dentists,  jew- 
elers, pumps,  and  innumerable  users  of  power  in  small  quanti- 
ties, and  sold  at  from  $100  to  $200  per  year  per  horse  -  power 
capacity  of  motor.  How  much  cheaper  for  the  user  than  to 
produce  steam  or  gas  power  for  himself,  and  how  profitable  to 
the  producer.  As  in  the  case  of  all  power  plants  much  more 
horse-power  is  paid  for  than  is  used,  because  each  user  pays  on 
the  basis  of  his  maximum  requirements,  while  he  seldom  draws 
so  heavily  on  his  supply.  It  has  been  found  in  the  several  elec- 
tric power  stations  in  the  East  that  not  half  the  power  is  used 
at  any  one  time  as  is  being  paid  for,  and  that  the  users  are  re- 
ceiving the  power  they  need  at  far  less  cost  than  before — con- 
veniently, and  almost  luxuriously  in  point  of  utility,  cleanliness, 
convenience  and  safety. 

For  example:  A  waterfall  located  where  its  power  cannot  be 
made  directly  available  can  run  a  water-wheel  belted  to  a  dy- 
namo, from  which  wires  run  to  electric  motors  located  where 
power  is  desired,  and  from  the  motors  the  motion  needed  is  ob- 
tained. This  can  be  done  on  any  scale  within  the  power  capac- 
ity of  the  waterfall,  even  to  many  hundreds  of  horse-power. 

Another  example:  At  a  waterfall  or  other  power  station  have 
dynamos  connected  by.  wires  running  along  a  railway  with  mo- 
tors on  cars  or  dummies,  for  the  purpose  of  carrying  passengers 
and  freight. 

Another  example:  At  a  waterfall  in  the  mining  regions  locate 
a  dynamo,  and  from  it  run  wires  to  motors  used  for  drilling, 
pumping,  hoisting,  hauling,  crushing,  etc.,  and  located  at  the 
most  desirable  places. 

Electric  lighting  companies  may  utilize  their  power  plants 
during  the  day-time  by  erecting  circuits  and  operating  motors 
thereon  at  the  various  manufactories  and  users  of  power  in  their 
towns  and  cities. 
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The  examples  can  be  made  innumerable.  Enough  has  been 
said  to  show  the  almost  endless  applications  of  these  power 
methods. 

Compare  the  loss  in  power  absorbed  by  moving  the  cables 
alone  in  the  cable-railway  systems  with  the  loss  from  resistance 
of  electric  conductors  capable  of  performing  the  same  service. 
Authorities  state  the  cable  losses  at  from  68  to  90  per  cent,  of 
the  total  power.  The  losses  due  to  dynamo,  conductor  and 
motor  can  easily  be  made  less  than  30  per  cent.  The  loss  from 
the  cable  is  the  same,  whether  one  or  many  cars  be  moved. 
The  loss  when  only  one  car  is  moved  is  almost  100  per  cent. 
But  with  an  equally  long  electric  line  the  loss  with  only  one  car 
on  the  line  need  not  be  two  horse-power.  Electric  railways  are 
being  run  all  over  this  country  and  Europe.  Crude  in  their  be- 
ginnings, they  are  fast  being  improved. 

Broadly  speaking,  there  are  two  modes  of  transmitting  power 
by  means  of  electricity.  They  are  called  respectively  the  "  mul- 
tiple arc,"  or  "  parallel,"  and  the  "  series."  By  the  former  the 
current  of  electricity  from  the  generator  is  divided  so  that  a 
part  only  goes  to  each  electric  motor;  and  that  part  is  the  same 
in  proportion  to  the  whole  as  the  power  of  the  motor  bears  to 
the  total  power.  The  electrical  energy  is  supplied  at  a  constant 
electro  motive  force  expressed  in  volts,  and  is  utilized  in  parts 
of  the  current  expressed  in  amperes.  Then  the  power  of  each 
motor  is  expressed  as  follows:  nCxE,  less  the  amount  of  energy 
absorbed  by  the  motor  in  overcoming  the  friction  of  its  moving 
parts,  the  Foucault  currents,  and  its  electrical  resistances.     This 

"C2R 
last  value  is  C  representing  the  current  used  by  the  mo- 

tor, in  amperes,  R  the  resistances  of  the  motor  in  ohms;  and 
746  the  number  of  watts  per  horse  power.  The  foregoing  meth- 
od is  also  called  the  "  constant  potential"  one.  That  is  to  say, 
its  electrical  energy  is  furnished  at  constant  pressure. 

The  "  series"  mode  is  commonly  called  the  "  constant  cur- 
rent" one.  It  is  so  denominated  because  the  electric  current  is 
furnished  to  the  motors  at  a  constant  number  of  amperes;  and 
these  amperes  flow  through  whatever  number  of  motors  may  be 


104  Keith  o?i  Transmission  of  Power  by  Electricity . 

upon  the  circuit  of  a  dynamo  in  serial  order — one  after  another. 
Each  method  has  its  advantages  which  make  it  better  adapted 
to  one  or  others  of  the  conditions  inseparable  from  practice. 
The  consideration  of  the  details  of  the  two  methods  I  defer  for 
another  paper. 
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The  schooner  "  Parallel"  was  a  sailing  vessel  of  moderate  di- 
mensions, being  142  tons  register  and  having  a  capacity  of 
about  350  tons.  Her  crew  consisted  of  seven  men,  all  told 
For  ballast  she  carried  10  tons  of  pig  iron  and  10  tons  of  coal 
in  sacks.  Over  this  was  laid  10,000  feet  of  hardwood  lumber. 
Next  in  order  came  the  cargo  proper,  which  comprised  82,600 
pounds  of  dynamite  of  three  varieties,  namely,  Giant  Powder — 
No.  1,  14,250  pounds;  No.  2,  43,350  pounds;  and  Judson  Pow- 
der, 25,01)0  pounds.  This  material  was  packed  in  wooden  boxes 
containing  50  pounds  each,  and  was  carefully  stowed  away 
amidships.  In  addition  she  also  had  in  her  hold  some  50  cases 
of  coal  oil  and  20  barrels  of  machine  oil,  and  10  tons  of  baled 
hay.  Her  deck  load  comprised  one  salmon  boat,  water  casks, 
and  some  miscellaneous  matter. 

Giant  Poivder,  No.  1,  is  a  mixture  of  nitro-glycerine  with  some 
absorbent,  formerly  the  well-known  kieselguhr,  but  now  most 
generally  its  place  is  taken  by  a  fair  quality  of  wood  pulp.  The 
percentage  of  oil  is  estimated  at  75  per  cent.  This  powder  is 
water-proof. 
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Giant  Powder,  No.  2,  is  supposed  to  contain  wood  pulp,  ni- 
trate of  soda,  and  say  40  per  cent,  of  nitro-glycerine.  This 
powder  is  not  water-proof. 

Judson  Powder  has  the  same  ingredients  as  ordinary  black 
blasting  powder,  with  say  5  per  cent,  of  nitro-glycerine  added, 
and  of  course  is  not  water-proof. 

On  January  loth,  1887,  this  vessel  at  about  9  o'clock  p.  m., 
while  clearing  the  port  of  San  Francisco,  became  unmanageable 
and  began  to  drift  ashore  towards  the  rocky  point  near  the  Cliff 
House.  The  crew  naturally  became  alarmed  and  finally  took 
to  the  boats  and  left  the  schooner  to  her  fate.  About  9:15  p.  m. 
she  went  ashore  nearly  800  feet  north  of  the  Cliff  House  and 
grounded  on  some  outlying  rocks.  She  soon  stove  in  her  bot- 
tom and  settled  down  hard  upon  the  reef,  sitting  nearly  upright 
with  all  sails  set  and  sidelights  burning.  A  light  was  burning 
in  the  cabin  when  the  crew  deserted  her.  Heavy  seas  prevail- 
ing at  the  time,  soon  deluged  her  decks  and  filled  her  cabin  full 
of  water.  Her  deck  load  and  water  iiasks  were  washed  over- 
board and  drifted  ashore.  Persons  on  shore  managed  to  get 
aboard  the  schooner,  but  finding  no  one  there  returned  and  re- 
ported the  facts.  Two  watchmen  were  placed  on  the  bluff  above 
the  wreck  with  orders  to  burn  blue  lights  for  assistance.  Par- 
ties walking  along  the  beach  picked  up  fragments  of  broken 
dynamite  boxes  with  trade  -  marks  thereon.  The  schooner 
bumped  upon  the  rocks  from  9:15  p.  m.  to  12:34  p.  m.,  or  say  3^ 
hours,  when  her  cargo  of  dynamite  exploded  with  terrific  force, 
damaging  all  the  houses  within  a  radius  of  a  mile  and  strewing 
the  fragments  of  the  vessel  and  cargo  for  a  distance  of  half  a 
mile  around  the  site  of  the  wreck. 

MECHANICAL    EFFECTS. 

The  schooner  was  absolutely  and  completely  annihilated;  not 
a  vestige  of  the  vessel  remained  to  mark  the  spot  where  she  lay. 
Fragments  of  shivered  timbers  and  wire  rigging  lay  scattered 
over  the  adjoining  country  for  a  mile;  one  piece  from  her  bows, 
weighing  some  3,000  pounds,  landed  on  the  beach  abreast  of  the 
Pavilion,  distant  2,300  feet  from  the  wreck.  Nothing  of  her 
cargo  was  found  save  the  pig  iron  ballast,  which  was  scattered 
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all  over  the  entire  neighborhood,  pieces  weighing  50  to  100 
pounds  being  found  at  a  distance  of  2,500  feet  from  the  site  of 
the  explosion.     This  fact  should  be  remembered. 

At  the  time  of  the  explosion  the  schooner  was  laying  close  up 
against  a  large  outlying  rock,  averaging  15  feet  high,  30  feet 
wide  and  60  feet  long,  containing  say  1,000  cubic  yards  of  solid 
highly  metamorphic  sandstone,  weighing  say  165  pounds  per 
cubic  foot,  or  something  like  2,000  tons  of  solid  rock.  This 
rock  was  completely  demolished  and  wiped  out  of  existence;  a 
smooth,  gravelly  beach  now  covers  the  site. 

A  portion  of  the  rocky  cliff  abreast  of  the  schooner  had  a  large 
piece  gouged  out  to  a  depth  of  eight  feet,  and  extending  some 
distance  up  the  hill. 

The  two  watchmen  standing  guard  on  the  brow  of  the  cliff 
were  severely  stunned  by  the  explosion.  One  was  blown  off  his 
feet  and  up  the  hill  a  distance  of  200  feet,  while  the  other  was 
blown  to  a  distance  something  less;  both  men  had  a  miraculous 
escape.  The  large  outlying  rock  intervening  between  them  and 
the  blast  undoubtedly  saved  their  lives. 

Damage  to  houses. — The  mechanical  effects  on  the  neighbor- 
ing houses  was  something  extraordinary  in  character,  and  are 
well  worthy  of  record.  First  we  have  the  Cliff  Cottage  (see 
map).  This  is  a  two  story  frame  building  distant  630  feet  from 
the  blast,  and  100  feet  above.  The  entire  building  was  driven 
bodily  one  foot  toward  the  roadway.  Every  window  and  out- 
side door  was  driven  inwards  with  great  violence.  Nearly  all 
the  plastering  on  the  ceilings  and  side  walls  was  blown  off  and 
into  the  rooms,  mingling  with  the  broken  window-glass  all  over 
the  floors.  The  lighter  furniture  was  upset  by  the  carpets  being 
blown  up  off  the  floors,  while  the  heavier  pieces  were  twisted 
round  out  of  position.  The  lighted  lamps  were  blown  out. 
Quantities  of  soot  from  the  chimneys  was  blown  down  and  into 
the  rooms.  The  most  remarkable  feature  observed  in  this  place,, 
and  which  struck  me  at  the  time  as  extraordinary,  was  the  fact 
that  where  a  window  on  the  side  of  the  house  next  the  blast 
came  opposite  to  an  inside  partition  wall,  there  we  find  the  force 
of  the  blast  so  violent  that  after  crushing  in  the  window  it  con- 
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tinued  right  across  tbe  room  a  distance  of  twelve  feet  or  more, 
and  actually  blew  a  hole  clear  through  the  partition  wall  and  of 
the  same  size  and  shape  as  that  of  the  window  through  which  it 
entered.  Of  course  the  2"  x  3"  studding  was  left  in  situ,  but  all 
the  laths  and  plastering  on  both  sides  was  blown  out  com- 
pletely, making  a  clear  and  sharp  outline.  All  around  the 
margin  of  this  hole,  as  well  as  against  the  face  of  the  studding, 
was  a  perfect  fringe  of  long  needle  -  like  fragments  of  glass- 
driven  into  the  plastering  and  woodwork  with  great  force  and 
penetration. 

The  Cliff  House.  —  This  is  a  two  and  a  half- story  frame 
building,  distant  795  feet  from  the  schooner,  and  85  feet  above 
it.  Here  the  mechanical  effects  of  the  blast  were  almost  identi- 
cally the  same  as  those  seen  at  tbe  Cliff  Cottage.  The  damage 
was  greatest  of  course  at  the  north  end  of  the  house  next  to  the 
blast,  where  the  entire  sidewall  of  the  kitchen  was  blown  in; 
but  all  the  windows  and  outside  doors  were  burst  inwards  with 
great  force,  in  some  instances  splintering  the  doors  into  small 
fragments  like  kindling  wood. 

The  Sutro  House. — This  is  a  one-storv  frame  building  witb  a 
high  basement,  situated  1,350  feet  from  the  blast  and  200  feet 
above.  Intervening  between  tbe  blast  and  this  house  is  a  very 
high  picket  fence  (25  to  30  feet),  which  is  used  as  a  wiud  break. 
Tbe  same  general  facts  and  features  were  found  to  exist  here  as 
elsewhere,  bu  tthe  effects  were  much  less  violent.  Tbe  shock 
struck  the  house  on  the  corner;  all  the  doors  and  windows  were 
stove  inwards  on  the  front  and  north  side,  while  in  the  south 
end  and  rear  the  same  facts  were  true  but  somewhat  less  in 
extent.  The  frescoed  ceilings  and  side  walls  were  all  badly 
cracked  and  blown  inwards;  but  taken  as  a  whole  this  house 
was  much  less  damaged  than  the  Cliff  House.  The  outbuildings 
near  the  Sutro  House  suffered  pretty  much  the  same  damages, 
though  apparently  to  still  less  extent,  for  the  reason,  I  fancy, 
that  the  window-sashes  contained  small  panes  of  glass,  and 
therefore  had  stouter  framework  to  resist  the  outside  pressure 
successfully.  Another  feature  worthy  of  note,  is  that  next  to 
the  Sutro  house,  on  the   west,  are  situated  a  lot  of  light  terra 
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cotta  statuary,  which  were  under  shelter  of  the  Cliff  Cottage, 
and  therefore  not  exposed  to  the  blast  direct;  as  a  result  they 
escaped  intact. 

Large  Glass  Conservatory. — This  building  was  fairly  exposed 
to  the  blast,  and  was  distant  1,625  feet  from  and  192  feet  above 
the  schooner.  It  was  of  course  badly  smashed  to  pieces.  The 
blast  crushed  in  nearly  all  the  panes  of  glass,  seemingly  on  all 
sides  alike,  except  in  the  turret  on  top  of  the  building,  which 
being  composed  of  small  panes  set  in  stout  sashes  was  naturally 
hardest  to  crush  in  and  therefore  remained  intact. 

Seal  Bock  House. — This  building  was  distant  2,000  feet  from 
the  origin  of  the  blast  and  about  24  feet  above.  One  gable  end 
was  situated  close  under  the  rocky  cliff  behind  the  hill,  and 
therefore  did  not  suffer  as  much  damage  as  other  houses  more 
distant.  The  end  of  the  building  next  the  cliff  was  nearly 
uninjured,  while  the  windows  towards  the  farther  end  and 
facing  the  roadway,  were  blown  in  and  the  ceilings  and  side 
walls  badly  cracked,  but  nothing  more.  One  would  naturally 
think  that  this  building — being  close  in  behind  a  hill  200  feet 
high  and  entirely  sheltered  from  view  of  the  blast — would  have 
escaped  entirely,  but  such  was  not  the  case. 

The  Large  Pavilion. — This  was  a  three-story  frame  building 
distant  2,300  feet  from  the  blast  and  24  feet  above.  Much  more 
damage  was  done  here  than  at  the  Seal  Rock  House.  The 
windows  and  doors  on  all  sides  were  stove  in,  and  the  ceilings 
and  side  walls  also  badly  cracked  and  plastering  blown  inward 
over  the  floors,  more  particularly  on  the  side  next  the  roadway. 
Pieces  of  pig  iron  weighing  hfty  pounds  were  found  in  the  back 
yard  next  to  the  bluff.  By  reference  to  the  map  it  will  be  seen 
that  this  building  was  also  behind  the  hill. 

Park  and  Ocean  R.  R.  Depot. — This  is  a  low  one-story  build- 
ing, distant  2,600  feet  from  the  blast  and  24  feet  above.  Like 
all  the  others  in  this  vicinity  the  building  is  under  shelter  of  the 
high  hill.  The  damage  done  here  was  little  or  nothing,  and 
examination  showed  that  this  fact  was  doubtless  due  to  the 
open-work  nature  of  the  construction,  which  readily  admitted  of 
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rapid  adjustment  between  the  inside  and  outside  pressures.  If 
it  had  been  a  closed  structure,  like  the  adjoining  building  men- 
tioned below,  the  damage  would  have  been  equally  great. 

Boarding  House  and  Exchange. — These  two  frame  buildings 
are  opposite  the  depot  on  the  east  side  and  immediately  across 
the  way.  They  are  about  2,700  feet  from  the  site  of  the  blast 
and  24  feet  above,  both  being  under  shelter  of  the  same  hill 
before  mentioned.  These  buildings  were  both  badly  damaged; 
the  doors  and  windows  in  front  of  the  stores  were  crushed  in 
with  great  force,  locks  and  hinges  being  torn  off  the  doors. 
The  plastering  was  also  blown  inward  from  the  ceilings  and  side 
walls,  like  the  other  houses  nearer  the  blast.  The  violence  of 
the  shock  at  this  place  was  much  more  marked  than  one  would 
at  first  sight  suppose,  and  what  made  it  particularly  interesting 
was  the  strong  contrast  in  mechanical  effects  as  compared  with 
the  slight  damage  done  to  the  depot  across  the  way. 

As  above  mentioned,  the  true  reason  lies  in  the  fact  that  these 
buildings  were  closely  shut  at  the  time  of  the  explosion,  and 
the  sudden  increase  in  outside  pressure  could  only  adjust  itself 
by  crushing  in  the  outside  doors  and  windows. 

Merchants'  Outer  Telegraph  Station.  —  These  buildings  were 
distant  1,000  feet  from  the  origin  of  the  blast  and  situated  200 
feet  above.  By  inspecting  the  map  it  will  be  seen  that  the  rocky 
bluff  abreast  of  the  schooner  protected  these  buildings  entirely 
against  any  direct  effect.  As  a  result,  the  houses  here  suffered 
less  damage  than  would  have  been  the  case  had  the  conditions 
been  otherwise.  They  experienced  exactly  the  same  phenomena 
as  regards  the  bursting  in  of  all  doors  and  windows,  etc.,  as 
above  described  in  the  case  of  other  houses. 

United  States  Life  Saving  Station. — This  building  is  situated 
3,675  feet  away  from  the  origin  of  the  explosion  and  about  25 
feet  above.  Here  we  found  the  mechanical  effects  to  be  least  of 
all,  consisting  simply  in  the  breaking  of  a  few  panes  of  window 
glass  and  in  blowing  out  the  lighted  lamps. 

Deductions  which  may  be  drawn  from  the  mechanical  effects. — In 
looking  over  the  field  of  destruction  I  was  soon  impressed  with 
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the  marked  distinction  between  the  characteristic  features  of  the 
damage  done  to  houses  close  to  the  blast  as  compared  with  those 
which  were  more  remote;  that  is  to  say,  all  the  houses  damaged 
showed  unmistakable  evidence  of  being  subjected  to  a  sudden 
and  violent  compression  of  the  surrounding  atmosphere,  so 
great  in  intensity  as  to  burst  in  the  windows  and  outside  doors; 
but  the  houses  nearer- the  blast,  in  addition  to  this  general  effect, 
common  to  all,  experienced  a  powerful  thrust  on  the  side  next 
to  the  explosion,  notabl}'  the  Cliff  Cottage,  distant  630  feet, 
which  was  driven  bodily  one  foot  towards  the  roadway.  At  the 
Cliff  House,  distant  795  feet,  the  thrust  effect  was  somewhat 
less  marked,  but  still  very  decided.  Next  we  have  the  Sutro 
House,  distant  1,350  feet;  here  the  thrust  effect  on  the  side  next 
the  blast  was  much  less  pronounced — we  might  say  relatively 
quite  fteble  yet  noticeable.  Finally,  then,  we  have  the  large 
glass  conservatory,  distant  1,625  feet,  where  there  seems  to  have 
been  an  entire  absence  of  evidence  as  to  the  existence  of  any 
thrust  effect  on  the  side  of  the  house  facing  the  blast.  Now, 
then,  it  would  seem  reasonable  to  suppose,  from  the  above  facts, 
that  the  radius  of  the  thrust-effect,  in  this  particular  neighbor- 
hood, was  somewhere  between  1,350  and  1,625  feet  in  length. 
Beyond  this  limiting  radius  the  damage  done  to  houses  seems  to 
be  such  as  is  due  simply  to  a  universal  compression  of  the  sur- 
rounding air,  and  therefore  the  mechanical  effects  were  the  same 
on  all  sides  alike.  The  reader  will  have  noticed  probably  that 
the  houses  on  the  beach  road,  distant  2,300  feet,  and  completely 
sheltered  behind  the  high  hill,  were  nevertheless  considerably 
damaged  by  the  blast.  This  fact  is  quite  remarkable,  and  seems 
to  show  that  a  spherical  wave  of  compression  transmitted 
through  the  air  will  pass  an  intervening  obstacle  and  re-estab- 
lish its  sphericity  behind  the  same  so  rapidly  that  the  obstacle 
really  affords  little  or  no  shelter. 

Probable  causes  ivhich  led  to  the  explosion. — Several  theories 
have  been  advanced  by  as  many  different  men,  all  of  whom 
seem  to  base  their  opinions  more  or  less  on  the  pure  assumption 
that  the  schooner  took  fire  and  subsequently  exploded.  It 
seems  to  me  that  there  is  no  necessity  for  such  an  assumption 
as   conflagration   or   any   other   outside   hypothesis.     The   two 
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watchmen  on  the  cliff  near  the  blast,  as  well  as  other  witnesses, 
refute  the  idea  of  there  being  any  conflagration  aboard  the 
schooner,  and  state  that  the  ship's  hold  and  cabin  were  full  of 
water  soon  after  she  struck  on  the  rocks,  and,  furthermore,  that 
solid  seas  swept  her  decks  with  nearly  every  swell  that  came  in 
from  the  bar. 

Now  let  us  simply  consider  the  existing  facts  of  the  case. 
In  the  first  place  the  schooner  had  ten  tons  of  pig-iron  in 
the  bottom  of  her  hold;  immediately  over  this  was  the  cargo 
of  dynamite.  It  follows  as  a  necessary  consequence  that  when 
the  vessel  struck  on  the  rocks  her  bottom  was  stove  in  and 
the  pig-iron  was  forcibly  driven  up  into  and  mixed  with  the 
bursted  boxes  of  dynamite,  fragments  of  which  came  ashore 
before  the  explosion,  having  the  trade  marks  thereon  intact. 

Here  now  we  have  a  schooner  bumping  and  grinding  to  pieces 
on  the  rocks,  with  ten  tons  of  pig-iron  in  her  hold  all  besmeared 
with  dynamite.  It  is  a  fact  well  established  that  iron  work  of 
any  kind  besmeared  with  nitro-glycerine  will  explode  when 
roughly  handled.  The  chief  lesson  therefore  to  be  learned 
from  this  accident  would  seem  to  be,  that  iron  work,  besmeared 
with  dynamite,  will  also  explode  when  roughly  handled  even  if 
submerged  in  water. 
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TECHNICAL  SOCIETY  OF  THE  PACIFIC  COAST. 


Instituted  April,  u 


PROCEEDINGS 

(Volume  IV. — April— Dkcembeh,  1887.) 


MINUTES  OF  MEETINGS. 

REGULAR    MEETING. 

April  1,  1887. 

President  Mendell  in  the  chair. 

Minutes  of  preceding  meeting  read  and  approved. 

The  committee  reported  having  counted  the  ballots  for  N.  S. 
Keith  and  M.  G.  Wheeler,  both  of  whom  were  elected. 

H.  T.  Compton  read  a  paper  on  "  A  New  Method  of  Differ- 
entiation." 

N.  S.  Keith  read  a  paper  "On   Transmission   of    Power  by 
means  of  Electricity." 


REGULAR    MEETING. 

May  6th,   1887. 
There  being  no  quorum  the  meeting  was  not  called  to  order. 


REGULAR   MEETING. 

June  3d,  1887. 
There  being  no  quorum  the  meeting  was  not  called  to  order. 
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REGULAR    MEETING. 

July  1,  1887. 

In  the  absence  of  the  President  and  Vice  President,  Marsden 
Manson  was  chosen  Chairman. 

L.  J.  LeConte  read  a  paper  on  "  Facts  connected  with  the 
Explosion  of  a  Cargo  of  Dynamite  aboard  the  Schooner  Parallel 
while  trying  to  clear  the  entrance  of  San  Francisco  Harbor." 


REGULAR    MEETING. 

August  5,  1887. 
There  being  no  quorum  the  meeting  was  not  called  to  order. 


REGULAR    MEETING. 


September  2,  1887. 
There  being  no  quorum  the  meeting  was  not  called  to  order. 


REGULAR    MEETING. 

October  7,  1887. 
There  being  no  quorum  the  meeting  was  not  called  to  order. 


REGULAR    MEETING. 

November  4,  1887. 
There  being  no  quorum  the  meeting  was  not  called  to  order. 
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REGULAR    MEETING. 

December  2,  1887. 

The  President  and  Vice-President  both  being  absent,  Mr. 
Manson  was  chosen  as  Chairmam. 

The  Chairman  called  attention  to  Article  1 1  of  the  By-Laws, 
relating  to  the  selection  of  a  Nominating  Committee. 

He  also  made  a  suggestion  relating  to  the  appointment  of  a 
Technical  Secretary,  who  should  be  salaried,  and  who  should 
collect  matter  relating  to  the  different  branches  of  the  engineer- 
ing profession,  and  publish  it  once  a  year. 

Mr.  d'Erlach  moved  that  the  Chairman  appoint,  for  the  So- 
ciety, members  of  the  Nominating  Committee  to  select  officers 
for  1888. 

The  Chair  appointed  Messrs.  Burr,  d'Erlach,  Gutzkow,  Von 
Geldern  and  Percy. 

Mr.  Manson  suggested  that  in  each  branch  of  the  Society 
there  may  be  some  technical  investigation  which  would  be  spe- 
cially beneficial  to  the  Pacific  Coast,  and  that,  through  the 
Technical  Society,  we  would  have  an  opportunity  of  calling  the 
attention  of  capitalists  to  such  matters. 

The  Chairman  also  suggested  that  in  view  of  the  deaths  of 
D  Jennsen,  Milo  Hoadley  and  Wm.  Ashburner,  members  of  the 
Society,  a  committee  should  be  appointed  to  draft  appropriate 
resolutions. 

Mr.  Percy  thought  that  these  matters  should  be  brought  before 
the  annual  meeting  in  its  President's  address. 
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INSTITUTED  APRIL,  1884. 


PROCKKDINOS. 

(Volume  IV.— January  7,  1887. ) 


MINUTES  OF  MEETINGS. 

REGULAR   MEETING. 

December  3,  1886. 
Owing  to  the  absence  of  the  gentlemen  who  had  signified  their 
intention  of  discussing  Mr.  John  Richard's  paper  on  "The  High 
Pressure   Hydraulic  System  of   Distributing  Power  in  Cities," 
the  discussion  was  postponed. 

The  following  were  appointed  as  a  nominating  committee  to 
select  the  "  regular  ticket"  for  the  annual  election.  Ross  E. 
Browne,  H.  C.  Behr,  F.  Gutzkow,  H.  F.  Eckert  and  Milo 
Hoadley. 


REGULAR    MEETING. 

January  7,  1887. 
Vice-President  Specht  in  the  chair. 

Minutes  of  preceding  meeting  read  and  approved. 

The   election  of   Otto  Von  Geldern  and  Ferd.  Hellman  was 
reported  by  the  committee  which  counted  the  ballots. 

Wm.  Francis  Herrick  was  proposed  for  membership  by  C.  G. 
Yale,  W.  H.  Smyth,  O.  F.  Allardt. 


82  Minutes  of  Meetings. 

The  nominating  committee  reported  the  following  nomina- 
tions for  the  regular  ticket  for  1887 : 

For  President — Geo.  H.  Mendell. 
For  Vice-President — Geo.  J.  Specht. 
For  Secretary — Chas.  G.  Tale. 
For  Treasurer — Marsden  Manson. 

For  Directors — Geo.  W.  Dickie,  Aug.  J.  Bowie,  Jr.,  G.  F. 
Allardt,  E.  J.  Molera,  F.  Von  Leicht. 

G.  F.  Allardt  explained  the  plan  of  Board  of  Public  Works 
proposed  by  the  Freeholders,  and  read  certain  changes  and  ad- 
ditions to  certain  clauses  which  it  was  proposed  to  suggest  to 
the  Freeholders.  Mr.  Allardt  said  the  proposed  amendments 
must  be  handed  in  to  the  Freeholders  immediately,  and  there 
was  no  time  to  appoint  a  committee  to  consider  them. 

Mr.  Browne  asked  whether  the  Technical  Society  of  the  Pa- 
cific Coast  or  any  member  had  been  asked  for  suggestions. 

The  Chairman  said  that  no  such  request  had  been  made  by 
the  Freeholders,  but  in  the  interests  of  the  engineering  profes- 
sion, this  movement  had  been  suggested  by  some  of  the 
members. 

Mr.  Browne  asked  in  what  form  it  was  proposed  to  place 
these  suggestions  before  the  Board  as  coming  from  the  Techni- 
cal Society. 

Mr.  Allardt  thought  we  should  consider  and  adopt  the  sug- 
gestions brought  forward,  and  then  appoint  a  committee  to 
transmit  our  suggestions  to  the  committee  of  Board  of  Public 
Works  of  the  Board  of  Freeholders. 

Mr.  Allardt  moved  to  take  up  seriatim,  the  proposed  amend- 
ments. 

Mr.  Molera  moved  that  the  President  appoint  a  committee  of 
three  to  confer  with  the  Freeholders  after  adopting  the  amend- 
ments suggested. 
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Mr.  Bowie  objected  to  hasty  action,  and  thought  it  was  ques- 
tionable for  the  Society  to  move  before  looking  further  into  the 
subject. 

Mr.  Allardt  said  that  the  Freeholders  expected  a  communica- 
tion from  the  Society. 

Mr.  Molera  said  we  had  received  assurances  that  our  sugges- 
tions would  be  received  and  considered  by  the  committee. 

Mr.  Bowie  objected  to  our  going  into  political  matters  and 
committing  the  Society. 

Mr.  Allardt  said  we  merely  desire  to  advise  concerning  the 
salary  and  duty  of  the  City  Engineer. 

Mr.  Hoadley  asked  if  the  charter  was  to  be  subjected  to  pop- 
ular  vote,  and  was  answered  yes.  He  did  not  see  why  the  office 
of  City  Surveyor  was  abolished. 

Mr.  Bowie  agreed  with  Mr.  Hoadley  with  regard  to  deficiency 
of  city  surveys.  He  thought  a  very  good  man  should  be  given 
the  position  of  City  Engineer.  He  indorsed  the  ideas  read  by 
Mr.  Allardt.  It  would  be  most  desirable  for  us  to  be  able  to 
suggest  improvements  to  the  Freeholders,  but  he  questioned  the 
propriety  of  going  before  these  gentlemen  in  too  hasty  a  manner 
and  the  policy  of  the  Society  committing  itself  too  hastily. 

Mr.  Molera  withdrew  his  motion  concerning  the  committee. 

Mr.  Allardt  moved  that  this  Society  appoint  a  committee  to 
wait  on  the  Board  of  Freeholders  with  the  suggestions  to  be 
adopted  at  this  meeting.  This  motion  was  carried  by  a  vote  of 
13  ayes  to  3  noes. 

Mr.  Molera  moved  that  the  committee  .send  to  the  Board  of 
Freeholders  the  amendments  read  at  this  meeting,  and  no  oth- 
ers.    The  motion  was  not  seconded. 

Mr.  Allardt  thought  that  the  proper  course  to  pursue  would 
be  to  consider  the  amendments  seriatim. 
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Mr.  Browne  thought  it  important  that  the  amendments  sug- 
gested should  be  put  in  form  of  mere  suggestions,  and  modestly 
so,  in  order  that  the  Board  of  Freeholders  will  not  think  we  are 
meddling  with  their  business. 

Mr.  Dickie  thought  that  the  suggestions,  if  made,  should  be 
made  with  all  the  force  of  the  Society.  At  the  same  time  he 
thought  action  was  too  hasty.  He  asked  if  the  Board  was 
elective  or  appointive. 

Mr.  Allardt  said  the  Board  was  to  be  appointed  by  the  Mayor 
for  four  years. 

Mr.  Dickie  thought  if  there  was  a  possibility  of  making  the 
engineer  a  sort  of  political  officer  we  ought  not  to  trouble  our- 
selves with  the  question  of  his  salary. 

Mr.  Allardt  said  we  simply  make  suggestions  to  the  Free- 
holders, but  do  not  dictate. 

Mr.  Dickie  suggested  that  the  salary  in  question  in  the  proposed 
amendments  should  be  left  out.  As  to  the  duties,  all  right;  but 
as  to  salary  we  should  say  nothing,  as  the  amount  is  ridiculous, 
and  the  salary  question  should  not  enter  into  our  suggestions. 
Our  suggestions  would  be  stronger  without  it. 

Mr.  Browne  thought  Mr.  Dickie's  point  a  good  one,  and  we 
should  say,  "a  suitable  salary,"  instead  of  "  $6,000  per  au- 
num.' 

Mr.  Browne  moved  that  the  question  of  amount  of  salary  be 
omitted  from  the  proposed  amendments,  and  that  a  committee 
be  appointed  to  present  these  amendments  as  suggestions  of 
the  Technical  Society  of  the  Pacific  Coast. 

Withdrawn. 

Mr.  Allardt  moved  to  consider  the  amendments  seriatim. 

Mr.  Browne  moved  the  adoption  of  the  amendments  sug- 
gested with  the  exception  of  the  question  of  salary. 
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Mr  Vischer  wanted  to  know  if  this  committee  must  go  charged 
with  special  instructions. 

Mr.  Gutzkow  was  unwilling  for  the  Society  to  accept  the  re- 
sponsibility of  resolutions  or  amendments  too  hastily. 

Mr.  Allardt  moved  that  the  Society  now  suggest  amendments 
to  these  amendments,  but  the  motion  was  not  seconded. 

Mr.  Von  Leicht  moved  that  the  amendments  read  by  Mr. 
Allardt,  including  the  question  of  salary,  be  adopted.  There 
were  7  ayes  and  7  noes,  and  the  Chairman  decided  in  favor  of 
the  motion. 

Mr.  Bowie  suggested  that  the  President  of  the  Society  be 
added  to  whatever  committee  was  appointed. 

Vice-President  Specht  appointed  Messrs.  Allardt,  Mendell 
and  Von  Leicht. 

Mr.  Molera  moved  postponement  of  the  discussion  of  Mr. 
Richards'  paper  until  next  meeting. 

Mr.  Richards  said  he  might  prepare  a  short  supplement  to 
his  paper  for  next  meeting,  if  desired. 


ANNUAL    MEETING. 

January  28,  1887. 
The  meeting  was  not  called  to  order.     H.  C.  Behr  and  Ernest 
L.  Ransome,  acting  as  tellers,  counted  the   ballots  which  had 
been  sent  by  mail,  and  announced  the  result  of  the  annual  elec- 
tion as  follows: 

President — Geo.  H.  Mendell. 
Vice-President — Geo.  J.  Specht. 
Secretary — Chas.  G.  Yale. 
Treasurer — Marsden  Manson. 

Directors — Geo.  W.  Dickie,  Aug.  J.  Bowie,  Jr.,  G.  F.  Allardt, 
E.  J.  Molera,  F.  Von  Leicht. 
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REGULAR    MEETING. 

February  4,  1887. 
President  Mendell  in  the  chair. 

On  motion,  the  reading  of  the  minutes  was  dispensed  with. 

Messrs.  Manson  and  d'Erlach,  acting  as  tellers  to  count  bal- 
lots, reported  the  election  of  the  following  gentlemen: 

S.  Harrison  Smith,  proposed  by  Col.  G.  H.  Mendell,  L.  J. 
Le  Conte  and  Hubert  Vischer. 

J.  C.  H.  Stut,  proposed  by  G.  W.  Wepfer,  E.  C.  Burr  and  H. 
C.  Behr. 

Wm.  F.  Herrick,  proposed  by  C.  G.  Yale,  W.  H.  Smyth  and 
G.  F.  Allardt. 

W.  C.  Ralston,  proposed  by  G.  F.  Allardt,  Wm.  Minto  and 
J.  B.  Hobson. 

Nathaniel  S.  Keith  was  proposed  by  C.  G.  Yale  and  G.  W. 
Dickie. 

Aug.  J.  Bowie,  Jr.,  read  a  paper  on  "Mining  Debris  in  Cali- 
fornia Rivers." 

On  motion,  it  was  resolved  that  the  Society  receive  Mr. 
Bowie's  paper  in  full  and  that  the  discussion  on  Mr.  Richards' 
paper  be  postponed. 

Mr.  L.  L.  Robinson  stated  that  certain  statistics  in  Mr. 
Bowie's  paper  could  be  utilized  by  members  of  the  Legislature, 
and  asked  if  there  would  be  objection  to  his  using  these  statis- 
tics before  publication  by  the  Society.  It  is  desirable  to  obtain 
this.     He  asked  permission  to  use  this  paper. 

Mr.  Price  moved  and  Mr.  Robinson  seconded,  that  the  paper 
be  accepted  and  the  thanks  of  the  Society  passed  to  Mr.  Bowie. 
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REGULAR    MEETING. 

March  4,  1887. 
President  Mendell  in  the  chair. 

Minutes  of  preceding  meeting  read  and  approved. 

M.  G.  Wheeler  was    proposed   for   membership   by  F.  Von 
Leicht,  J.  R.  Mauran  and  Geo.  J.  Specht. 

Aug.  J.  Bowie,  Jr.,  read  a  continuation  of  his  paper  on  "Min- 
ing Debris  in  California  Rivers.'' 

Approved. 
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TECHNICAL  SOCIETY  OF  THE  PACIFIC  COAST. 

INSTITUTED  APRIL,   1884. 


TRANSACTIONS. 

Note. — This  Society  is  not  responsible,  as  a  body,  for  the  facts   and   opinions  advanced 
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PRACTICAL    APPLICATIONS    OF    IRON   AND  CON- 
CRETE TO  RESIST  TRANSVERSE  STRAINS. 

Bi  G.  W.  PERCY,  Mem.  Tech.  Soc. 
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Concrete  composed  of  broken  stone,  fragments  of  brick,  pot- 
tery, gravel  and  sand,  held  together  by  being  mixed  with  lime, 
cement,  asphaltum  or  other  binding  substances,  has  been  used 
in  construction  to  resist  compressive  stress  for  many  ages. 

The  Eomans  used  it  more  extensively  than  any  other  material, 
as  the  great  masses  of  concrete,  once  the  foundations  of  large 
temples,  palaces  and  baths,  the  domes,  arches  and  vaultings 
still  existing,  together  with  the  core  or  interior  portions  of  nearly 
all  the  ancient  brick-faced  walls  found  in  Rome,  testify. 

In  modern  times,  however,  until  the  introduction  of  Portland 
cement,  concrete  has  been  used  generally  for  no  other  purpose 
than  for  footings  of  walls  and  foundations  underground. 

With  the  introduction  of  Portland  cement,  concrete  construc- 
tion has  taken  a  more  prominent  part,  and  has  advanced 
regularly  with  the  perfection  and  general  use  of  that  valuable 
material,  until  not  only  foundations  but  the  entire  walls  of  build- 
ings, piers  and  arches,  floors  and  roofs,  have  been  constructed 


2  Percy  on  Applications  of  Iro?i  and  Concrete. 

of  it,  while  moulded  trimmings  and  ornamental  blocks  are  cast 
of  it  and  set  in  -walls  similar  to  cut  stone. 

The  cheapness,  in  most  places,  of  the  aggregates  composing 
concrete,  together  with  the  fact  that  mixing  and  placing  may  be 
done  with  cheap  and  unskilled  labor  under  intelligent  direction; 
its  enduring  and  its  fire-resistiug  qualities,  together  with  its 
great  compressive  strength,  all  recommend  it  for  use  in  perma- 
nent constructions.  Its  low  tensile  strength  and  liability  to  fail 
without  giving  warning,  under  tensile  or  transverse  strain,  has 
hitherto  prevented  its  use  for  beams,  lintels  or  floors,  unless 
supported  by  iron  beams  or  other  means. 


For  thirty  years  or  more,  so-called  fire-proof  floors  have  been 
constructed  in  England,  and  some  parts  of  this  country,  by 
means  of  rolled  iron  beams,  with  concrete  or  brick  arches  turned 
from  the  top  of  the  lower  flanges,  and  leveled  over  the  top,  as 
shown  in  Fig.  1. 

This  method  of  construction  fulfilled  all  requirements  of 
strength  and  safety,  except  that  for  which  it  was  especially  de- 
signed :  protection  from  fire.  "When  subjected  to  the  test  of  hot 
fires,  its  failure  was  conclnsive  and  the  cause  apparent.     The 


-  Fig  2  - 

lower  flanges  of  the  iron  beams,  as  the  tie  member,  and  the  most 
vital,  being  exposed  directly  to  the  heat,  expanded  with  it, 
causing  the  beams  and  floor  to  sag  with  every  increasing  degree 
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of  beat;  at  the  same  time  it  lost  its  tensile  strength,  and  failed 
utterly. 

The  next  step,  and  the  one  generally  practiced  at  this  time, 
was  to  encase  the  lower  flanges  of  such  beams  with  terra-cotta, 
plaster-of-Paris  or  other  non-conducting  materials,  as  Fig.  2. 

Among  other  methods  devised  was  that  shown  in  Fig.  3,  where 
the  beams  are  entirely  encased  in  concrete,  extending  two  or 
more  inches  below  and  above  the  beams. 


-  Fig  3 


While  contemplating  this  method  of  fire-proof  construction 
some  twelve  years  ago,  in  England,  the  well-known  inventor, 
Thadeus  Hyatt,  was  led  to  consider  if  the  iron  used  in  the  lower 
flanges  of  the  beams  could  not  be  so  united  to  the  concrete  as  to 
work  in  unison  with  it  and  form  a  compound  beam  or  girder, 
the  iron  to  serve  only  as  the  tie  or  tensile  member,  while  the 
concrete  formed  the  compressive  member  and  connecting  web. 

Mr.  Hyatt  made  many  experimental  beams,  with  the  iron 
introduced  in  a  great  variety  of  ways — as  straight  ties,  with  and 
without  anchors  and  washers;  truss  rods  in  various  forms;  flat 
pieces  of  iron  set  vertically  and  laid  flat,  anchored  at  intervals 
along  the  entire  length.  These  experimental  beams  were  tested 
and  broken  by  David  Kircaldy,  of  London,  and  the  results  pub- 
lished by  Mr.  Hyatt  in  a  neat  form  for  private  distribution,  in 
the  year  1877,  for  the  use  of  which  the  writer  is  indebted  to 
P.  H.  Jackson,  a  member  of  this  society,  who,  in  a  paper  read 
before  it  on  August  10,  1881,  gave  many  of  the  results  of  Mr. 
Hyatt's  experiments  in  detail,  together  with  some  of  his  own. 
The  final  conclusion  of  Mr.  Hyatt,  well  demonstrated  by  his 
tests,  was  that  iron  could  be  perfectly  united  with  concrete,  and 
could  be  dej^ended  upon  under  all  conditions  for  its  full  tensile 
strength. 


4  Percy  on  Applications  of  Iron  and  Concrete. 

The  method  Mr.  Hyatt  fixed  on  as  the  best  was  to  use  the  tie 
iron,  as  thin  vertical  blades  placed  near  the  bottom  of  the  con- 
crete beam  or  slab,  extending  its  entire  length  and  bearing  on 
the  supports  at  both  ends;  these  vertical  blades  to  be  anchored 
at  intervals  of  a  few  inches  by  round  wires  threaded  through 
holes  punched  opposite  each  other  in  the  vertical  blades,  thus 
forming  a  skeleton  or  gridiron,  as  shown  in  Fig.  4. 


Fig,  -i 

This  combination  effected  a  saving  of  about  two-thirds  of  the 
iron  required  in  the  method  shown  in  Figs.  1,  2  and  3,  as  the 
entire  web  and  top  flange  was  dispensed  with,  the  same 
amount  of  concrete  serving  the  double  purpose. 

Although  this  valuable  discovery  was  given  to  the  world  ten 
years  ago,  it  has  not  been  generally  adopted  or  extensively  used 
either  in  this  country  or  in  England,  at  least  such  use  has  not 
come  to  the  writer's  knowledge,  and  this  not  from  any  failure  in 
the  application  or  defect  in  the  system,  but  from  the  general 
disinclination  to  adopt  new  and  novel  methods  of  construction, 
however  meritorious  they  may  be. 

For  several  years  past  Mr.  Jackson,  of  this  city,  has  experi- 
mented with  this  system,  and  with  variations  of  his  own 
suggestions,  the  testing  of  which  has  been  witnessed  by  the 
author  with  great  interest.  The  results  of  three  of  such  tests 
will  be  given  in  detail  from  notes  made  at  the  time.  The  first 
test  was  made  on  January  16,  1884,  on  a  tile  of  side-walk  lights 
12  X  24"  and  1TV'  thick.  This  tile  consisted  of  four  rows  of 
bull's-eye  glass,  ten  in  each  row,  with  five  blades  of  iron,  |  x  £ 
inches,  extending  lengthwise,  and  eleven  wires  of  steel  -fa  inches 
'in  diameter,  threaded  crosswise.  The  concrete  consisted  of  one 
part  Portland  cement  to  one  part  fine  screened  gravel  or  coarse 
sand,  and  had  been  made  forty-one  days.  This  was  tested  by 
being   supported   on   one-inch   bearings   at   each   end,  leaving 
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1  foot  10  inches  between  bearings.     The  weight  was  suspended 
from  a  steel  bar,  bedded  in  plaster,  across  the  center  of  the  tile- 
The  deflection  was  accurately  measured  at  frequent  intervals 
as  the  load  was  applied,  and  recorded  in  64ths  of  an  inch. 

Test  of  Hyatt  Light  Slab,  No.  1. 


id. — Lbs. 

Deflection. — G4ths. 

Remarks. 

885 

2 

442  lbs.  to  eV 

1198 

5          1 

1376 

6 

138|  lbs.  to  st- 

1545 

7 

1717 

8 

1906 

10        ; 

2017 

12 

2150 

13 

73  lbs.  to  iT. 

2210 

14 

2300 

16 

Fine  crack  observed. 

2350 

17 

2405 

18 

2468 

19 

37*  lbs.  to  gV 

2531 

21 

2600 

24 

2710 

29 

22  lbs.  to  sV 

2750 

— 

Broke  by  crushing  th( 

and  glass  near  the  center  bar,  none  of  the  iron  rods  breaking. 

Fine  cracks  were  first  discovered  when  the  load  was  about 
2,300  lbs.,  and  the  deflection  \  inch.  These  cracks  were  di- 
rectly under  the  cross-wires  near  the  center.  The  center  load  of 
2,750  lbs.  is  equivalent  to  double  the  amount  distributed,  or 
3,000  lbs.  for  each  square  foot  of  surface  between  bearings,  or 
a  safe  load  of  500  lbs.  per  foot,  with  factor  of  safety  of  6. 

Two  tests  on  these  tiles,  with  quite  similar  results,  satisfied 
the  writer  of  the  strength,  and  he  has  not  hesitated  to  use  them 
in  practice.  The  sidewalk  lights  around  the  Firemans  Fund 
Insurance  Co.'s  building  are  constructed  in  this  manner. 

The  next  illustration  of  the  strength  of  this  combination  of 
iron  and  concrete  was  recorded  on  Jan.  19,  1884,  at  the  Indus- 
trial Iron  Works  in  this  city,  where  a  slab  4  ft.  6  in.  by  4  ft.  6 
in.  by  3"  thick,  made  by  Mr.  Jackson,  was  tested.  This  slab  had 
19  wrought  iron  blades  \  x  1"  placed  2§"  on  centers  extend- 
ing through   the   slab  in  one   direction  and  near  the  bottom, 
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threaded  by  nine  wires  \  in.  diameter  six  inches  apart.  Con- 
crete composed  of  one  part  Portland  cement  to  two  of  sand,  and 
62  days  old,  supported  by  bearing  3  inches  at  each  end,  or  at 
ends  of  blades,  and  loaded  with  pig-iron.  Deflection  noted  in 
32ds  of  inch. 

Test  No.  2. 


.Odd. — Lbs. 

Deflection.— 32ds. 

Remarks. 

9,047 

3 

Or  3016  lbs.  to  ^. 

12,134 

5         1 

15,167 

7     r 

1531  lbs.  to  ^V. 

18,234 

9          ) 

21,111 

10          ) 

Fine  cracks  first  observed 

24,140 

12         [ 

1442  lbs.  to  sV 

26,885 

14          ) 

29,554 

16         J 

32,747 

18          [ 

1353^  lbs.  to  3V. 

35,206 

20         ) 

36,375  broke  by  parting  all  the  iron  blades  on  the  line  of  wire 
nearest  the  center;  the  concrete  did  not  crush. 

In  loading  the  pig-iron  care  was  taken  not  to  bond  it  by  lay- 
ing any  bars  in  the  direction  of  the  length  of  the  blades,  and 
therefore  the  pile  assumed  somewhat  a  pyramidal  form  near 
the  top,  thus  throwing  more  weight  toward  the  center  of  slab. 
A  fine  crack  was  first  observed  when  the  load  was  about  20,000 
lbs.  and  the  deflection  J  in.  This  breaking  load  was  equal  to 
2,0C0  lbs.  per  sq.  ft.,  or  safe  load  of  333  lbs  per  sq.  ft.,  with 
factor  of  safety  of  6. 

But  one  other  test  of  this  method  will  be  given,  and  this  was 
made  on  the  31st  of  August,  1885,  at  the  Industrial  Iron  Works. 

Mr.  Jackson  had  prepared  a  beam  7  x  14  inches  in  section  and 
10  feet  6  inches  long.  Near  the  bottom  were  seven  vertical 
blades  of  iron  extending  the  entire  length ;  three  of  these  were 
^xl  inch  and  four  were|  x  1  inch,  with  J-inch  wires  threaded 
through  every  three  inches.  Near  the  top  were  bedded  two 
cast-iron  rope  moulding  bars,  to  assist  the  compressive  strength 
of  the  concrete  (an  unnecessary  precaution).  The  concrete  at 
top  and  bottom,  for  about  four  inches,  was  one  part  cement  to 
one  of  sand;  center  portion,  one  of  cement  to  two  of  sand.    The 
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beam  was  supported  by  9-inch  bearings  at  both  ends,  thus  leav- 
ing it  9  feet  in  the  clear  between  bearings.  It  was  loaded  with 
pig-iron  piled  across  the  beam,  and  bonded  only  with  thin  hoop- 
iron. 

Several  architects  and  engineers  were  present  at  this  test, 
among  others  Professor  Soule,  of  the  State  University. 

The  writer  had  received  from  Mr.  Jackson,  a  day  or  two  be- 
fore, all  the  data  in  reference  to  the  beam,  including  its  age 
(about  five  months).  He  had  estimated  its  strength  based  on  a 
tensile  strength  of  60,000  pounds  for  hoop-iron,  and  expressed 
his  confidence  to  several  gentlemen  that  the  beam  would  require 
about  27  tons  to  break,  and  that  it  would  deflect  an  inch  before 
breaking. 

The  result  shows  nearer  than  could  be  expected  from  calcula- 
tion on  the  strength  of  any  materials.  Deflections  are  here 
noted  in  32ds  of  an  inch. 

Test  No.  3. 

Load. — Lbs.        Deflection. — 32ds.  Remarks. 

20,695  2  1  lAORO,,,^       , 

30  989  3  \  10,363  lbs.  to  ^y 

33,589  4 

36,045  8  1,187  lbs.  to  ^ 


38,113  9 

40,056  12 

42,062  16  630  lbs.  to  ^. 

44,077  18  Cracks  first  observed. 

45,678  21  J 

46,115  23  ] 

47,018  24  475  lbs.  to  ^. 

47,996  26 

49,001  28 

50,054  30 


I 


52,052  36  ]-  369  lbs.  to  J9. 

52,692  38  ) 

53,654  broke  by  separating  all  the  longitudinal  blades  on  the 
line  of  one  of  the  cross-wires  near  the  center. 

As  will  be  seen  by  the  above,  the  breaking  load  was  26.8  tons, 
and  the  deflection  just  before  breaking  l.T%  inches.  Fine 
cracks  were  first  observed  at  two  or  three  of  the  wires  near  the 
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center  when  the  load  was  about  42,000  pounds,  and  the  deflec- 
tion \  inch. 

This  breaking  load  of  53,654  pounds  was  equal  to  about 
6,000  pounds  per  foot,  or  1,000  pounds  per  foot  with  factor  of 
safety  of  6,  which  would  evidently  be  a  perfectly  safe  permanent 
load,  as  the  deflection  with  9,000  pounds  was  too  slight  to  ob- 
serve. 

These  experiments,  together  with  the  results  of  Mr.  Hyatt's 
tests  in  London,  should  satisfy  the  most  skeptical  of  the  prac- 
ticability of  obtaining  the  full  tensile  strength  of  iron  as  a  tie  in 
concrete  constructions. 

The  only  objection  to  be  urged  against  the  practice  of  this 
method  is,  that  by  punching  holes  for  the  cross-wires  the  effect- 
ive area  of  the  tie  metal  is  reduced  by  the  amount  of  the  diameter 
of  the  holes;  and  the  labor  of  punching  holes  and  threading 
wires  is  quite  an  item  of  the  cost. 


-  Fig  5  - 


While  these  experiments  were  going  on,  Mr.  E.  L.  Ransome, 
also  a  member  of  this  society,  and  a  very  successful  worker  of 
concrete,  was  experimenting  with  a  different  method  of  obtain- 
ing the  same  result. 

For  several  years  he  had  used  old  wire  cables  as  a  bond  in 
concrete  walls,  the  irregularity  of  the  wire  ropes,  caused  by  the 
twist  of  the  strands,  preventing  the  possibility  of  slipping  when 
imbedded  in  concrete.  This  probably  suggested  to  his  mind  the 
idea  of  twisting  square  bars  of  iron  or  steel  and  imbedding  them 
in  the  bottom  of  concrete  girders  or  flat  slabs,  as  shown  in 
Fig.  5. 

It  was  evident  that  this  method  would  be  a  great  improve- 
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ment  over  that  invented  by  Mr.  Hyatt.  The  twist  in  the  bar 
would  cause  it  to  be  held  securely  at  every  point  along  its  length, 
instead  of  at  intervals  of  several  inches;  no  metal  would  be 
wasted  by  punching  holes,  and  no  extra  iron  required  for  anchors. 
The  labor  of  twisting  the  cold  rods  would  be  but  a  trifle,  and  the 
entire  sectional  area  of  the  iron  could  be  placed  just  where  it 
would  be  most  effective. 

Note. — It  has  been  demonstrated  by  experiments  that  the  process  of  twist- 
ing the  bars  to  the  extent  desired  strengthens  the  rods  instead  of  weakening 
them,  as  might  be  expected. 

Mr.  Ransome  promptly  patented  his  improvement,  and  since 
1885  it  has  been  used  quite  extensively  in  this  city. 

The  results  of  two  tests  of  this  method,  witnessed  by  the 
writer,  will  be  given,  together  with  several  different  applications 
he  has  made  of  it  in  practice. 

The  first  test  was  of  a  slab  12  inches  wide,  6  inches  deep  and 
18  feet  long,  composed  of  one  part  Portland  cement  to  five  parts 
gravel  and  broken  granite,  with  six  twisted  rods  \  xi  inch  im- 
bedded near  the  bottom.  When  about  four  months  old,  the 
slab  was  tested  by  being  placed  on  blocks  bearing  12  inches  at 
each  end,  leaving  16  feet  between  bearings;  loaded  uniformly 
with  sand  piled  on  planks  laid  across  the  slab.  Such  a  slab 
without  ties  could  hardly  be  expected  to  sustain  its  own  weight. 
The  deflection  was  noted  in  \  of  an  inch. 

Test  No.  4. 


Load. — Lbs.  Deflection 

2,830  1 

3,640 

4,450 


\         1    =  1,820  lbs.  to  \. 


5,260  1  \    =  810  lbs.  to  £. 

6,070  1£ 

6,745  lj  ) 

7,420  l|  =  630  lbs.  to  £ 

7,960  2  ) 

8,500  2£  ) 

9,040  2£  [■    =  540  lbs.  to  \. 


9,580  2|         ) 

9,985  3  | 

10,390  3i  j 

10,660  broke  by  crushing  the  concrete  about  2  feet  from  the 


ll'Ml  3i         }      =-■  «5  lbs.  to  J. 
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center.     The  slab  split  for  some  distance  each  side  of  the  frac- 
ture near  the  center  of  thickness,  or  at  the  neutral  axis. 

The  results  of  this  test  were  given  in  a  meeting  of  this  society, 
as  before  stated,  on  August  10,  1884,  at  which  time  a  fragment 
of  the  slab  was  exhibited,  showing  the  position  of  the  rods  and 
the  quality  of  concrete. 

The  result  of  the  next  test,  although  very  interesting,  cannot 
be  given  in  detail,  as  it  extended  over  several  mouths,  and  was 
visited  but  two  or  three  times  by  the  writer.  It  consisted  of  a 
full-size  section  of  a  sidewalk  arch  and  beam,  as  shown  by  Fig.  6, 
5  feet  6  inches  wide,  15  inches  deep  at  beams  and  6  inches  thick 
at  center  of  elliptical  arch,  and  16  feet  between  bearings. 
At  2  inches  from  the  bottom  of  each  side,  forming  the  beam, 
were  lix  li-inch  twisted  rods,  one  in  each  side. 


As  it  was  evident  this  would  require  a  very  heavy  weight  to 
break  it,  preparations  were  made  by  laying  four  thicknesses  of 
2-inch  plank  across  the  top  of  slab,  and  projecting  several  feet 
on  both  sides.  On  this  platform  a  strong  frame  was  built,  15 
feet  long  (from  bearing  to  bearing)  and  11  feet  wide  (just  double 
the  width  of  slab).  The  sides  of  this  frame-work  were  not  at- 
tached or  secured  to  the  plank  platform  so  as  to  assist  in  any 
degree  in  supporting  it.  The  frame- work  was  filled  with  clean 
sand,  confined  by  planks,  and  the  weight  estimated  by  the  cubic 
feet  of  sand  at  100  pounds  per  cubic  foot. 


-Cracks  on  under  side  about  12  inches  apart, 
in  center  third. 


Load, 
Tons. 

Deflection 
Inches. 

20 

about    f. 

50 

"     H-- 
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Load.  Deflection. 

Tons.  Inches.  Remarks. 

75     about   4.  — Cracks  extending  about  6  inches  up. 

90  "  6i. — Several  cracks  \  inch  open  at  bottom  and  ex- 
tending to  within  2  inches  of  top  when  last 
seen  by  writer. 

After  standing  in  this  condition  for  two  or  three  days,  more 
sand  was  added,  when  the  concrete  crushed  near  the  center. 

Before  analyzing  the  remarkable  results  of  this  test,  let  us 
consider  the  proper  method  of  estimating  the  strength  of  such 
composite  beams. 

1st — We  must  consider  what  is  to  be  the  effective  depth  of 
such  a  beam.  It  is  evident  the  center  of  the  tie-rods  must  be 
taken  as  the  center  of  lower  member;  but  the  center  of  upper 
member  is  not  so  easily  located,  though  it  must  lie  near  the  top 
of  the  concrete. 

It  is  evident  that  all  the  concrete  above  the  neutral  axis  is 
subject  to  compressive  stress — that  stress  being  greatest  at  the 
top  surface,  and  diminishing  regularly  to  the  center.  It  is  also 
evident  that  as  a  beam  deflects  (and  concrete,  as  it  is  well  known, 
yields  very  little  to  compression)  nearly  all  the  strain  must  be 
met  by  a  comparatively  thin  portion  at  the  top. 

It  has  appeared  reasonable  to  the  writer  to  assume  the  center 
of  the  top  member  as  one-twelfth  of  the  distance  from  the  top 
surface  to  the  tie-rods,  and  to  consider  that  the  concrete  (T'^  of 
the  depth)  above  and  below  this  line  must  be  sufficient  to  meet 
the  compressive  stress.  Thus,  if  a  beam  is  designed  with  a  total 
depth  of  15  inches,  and  the  center  of  tie- rods  placed  3  in.  above 
the  bottom  of  concrete,  it  would  leave  12  inches  as  the  entire 
depth  from  top  surface  to  center  of  lower  member.  One-twelfth 
of  this  distance  would  be  one  inch,  as  the  center  of  top  member, 
thus  leaving  as  effective  depth  of  the  beam  11  inches,  and  the 
thickness  of  top  member  two  inches.  Then  if  a  1  x  1-inch  bar, 
with  tensile  strength  of  25  tons,  is  used  for  the  lower  member 
and  concrete  that  would  crush  with  one  ton  to  the  inch,  at  the 
top,  the  beam  should  have  a  width  of  12i  inches  to  equalize  the 
strength  of  the  iron. 
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This  is  the  rule  the  writer  has  used,  aud  believes  it  errs  on 
the  side  of  safety. 

Now,  taking  the  sidewalk  arch,  as  giveu  above,  and  applying 
this  rule  and  the  usual  formula  for  the  strength  of  iron  beams, 
we  have  as  follows: 

Length  of  beam  between  bearings 16  feet. 

Depth  from  top  to  center  of  rods 13  inches. 

Effective  depth — about 12  inches. 

Area  of  iron  in  tie-rods 4i  inches  • 

Area  of  concrete  in  upper  surface,  2  inches  thick  =  132  sq.    in. 

Then  formula  for  breaking  weight  at  center  of  iron  beams — 

Depth  X  area  of  iron  in  flange  X  80 w  • 

Length 

12"  X  U"  X  80         360       001  .        ,       . .  .  I.*     4 

—  "    ,  =  —  =  llh  tons  breaking  weight  at  center, 

192  16 

or  45  tons  distributed  load. 

As  this  formula  is  based  on  the  breaking  strength  of  iron  at 
20  tons  per  square  inch  of  section,  and  good  grades  of  iron  will 
require  at  least  25  tons  to  break  by  tensile  stress,  we  may  add 
25  per  cent,  to  this  result,  and  consider  that  from  56  to  60  tons 
load  on  the  arch  and  beams,  should  break  the  rods  with  tensile 
strain.  Applying  the  formula  for  strains  with  60  tons  load  we 
have  this  result:     -fi"  x  1 6=120    tons   tensile  strain  on  4i-inches 

8x1  * 

iron;  also,  120  tons  compressive  strain  on  132  square  inches 
concrete,  composed  of  one  of  cement  to  five  of  aggregates  and 
five  months  old,  which  might  reasonably  be  expected  to  carry 
one  ton  per  inch. 

It  will  be  seen  by  the  tables  of  weights  and  deflections  of 
beams,  that  with  about  one-third  of  their  breaking  load  the  de- 
flection was  only  about  one-twelfth  of  the  greatest  deflections, 
and  that  the  load  required  to  produce  a  given  deflection  de- 
creased regularly  from  the  first.  This  may  be  readily  accounted 
for  by  the  fact  that  iron  yields  to  extension  quite  regularly  one- 
ten-thousandth  of  its  length  to  each  ton  of  load  per  inch  until 
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its  limit  of  elasticity  is  reached,  and  then  it  yields  more  rapidly 
and  in  increasing  ratio  until  some  grades  of  iron  will  stretch 
one-tenth  of  their  length  before  final  rupture. 

As  concrete  does  not  yield  to  compression  more  than  about  one 
one-thousandth  part  of  its  length  before  crushing,  it  is  evident 
that  as  deflection  increases  in  beams  of  this  construction  the 
neutral  axis  must  move  upward  or  nearer  the  top  member,  thus 
making  less  proportional  strain  on  the  lower  and  more  on  the 
upper  member.  This  was  very  apparent  in  the  last  test  noted, 
for  when  last  seen  by  the  writer  the  cracks  due  to  extension  had 
reached  to  within  two  inches  of  the  top  of  the  slab,  showing 
conclusively  that  the  neutral  axis  must  be  still  higher. 

Now,  while  this  may  account  very  satisfactorily  for  the  iron 
rods  not  breaking  as  they  then  had  a  leverage  of  at  least  ten 
inches  from  the  neutral  axis,  it  does  not  account  for  the  concrete 
not  crushing,  as  the  entire  area  of  concrete  then  above  the  neu- 
tral axis  could  not  be  more  than  100  inches  and  its  greatest 
leverage  about  1^  inches,  the  stress  would  amount  to  the  enor- 
mous load  of  4.8  tons  per  inch  for  60  tons  load  and  7.2  for  90 
tons.  It  is  incredible  that  concrete  of  such  quality  could  resist 
such  stress  for  a  moment. 

It  appears  to  the  writer  that  some  of  the  compressive  strain 
must  have  been  transmitted  to  the  four  thicknesses  of  plank 
forming  the  bottom  of  platform,  and  some  of  the  load,  by 
friction  at  the  sides.  If  this  be  so,  it  renders  this  experi- 
ment worthless  so  far  as  the  ultimate  strength  is  concerned,  but 
could  not  affect  the  early  stages  of  deflection.  This  arch  and 
beams  was  designed  to  carry  400  pounds  to  a  square  foot,  or 
total  load  of  16 J  tons  with  safety.  When  loaded  to  that  extent 
its  deflection  was  only  about  one-quarter  inch.  At  this  stage  it 
could  not  have  been  relieved  by  the  planks  or  the  friction  of 
sand  on  sides  of  curbing.  The  fact  that  such  construction  will 
deflect  so  much  before  breaking  is  a  point  in  its  favor,  as  it 
gives  ample  warning  when  it  is  overloaded.  There  have  now 
been  laid  in  this  city  about  50,000  superficial  feet  of  sidewalk 
with  spans  from  10  feet  to  22  feet,  and  no  sign  of  failure  or  de- 
flection under  the  heaviest  loads  that  have  been  placed  on  them. 
The  writer  has  applied  this  system  in  a  variety  of  ways,  some  of 
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which  will  be  noted.  In  the  building  on  the  northeast  corner 
of  Washington  and  Stockton  streets  the  lintels  over  store  fronts 
15  feet  clear  span  and  carrying  three  stories  of  brick  walls  and 
wood  floors,  are  of  concrete  22  inches  wide,  2  feet  10  inches 
high  (with  belt  course  moulded  on),  and  10  one  inch  rods  placed 


near  the  bottom.  (Fig.  7.)  These  lintels  extend  along  both 
fronts  of  the  building,  and  over  the  supporting  piers  are  placed 
three  one-inch  iron  rods  near  the  top,  thus  giving  the  effect  of  a 
continuous  girder,  although  they  were  not  needed  for  strength. 
The  lavatory  floors  in  this  building  are  constructed  as  flat  slabs, 
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6  inches  thick,  10  feet  span,  with  half-inch  by  half-inch  rods 
«very  6  inches,  and  placed  1^  inches  from  bottom  to  center  of 
rods.  Other  fire -proof  floors  have  been  constructed  both  with 
flat  ceilings,  beams  and  panels,  and  beams  and  arches. 


In  preparing  the  underground  cisterns  at  the  residence  of  A. 
Hayward  at  San  Mateo  this  method  was   employed  with  most 


-  Fig. 9  - 
satisfactory  results.     The  entire  cisterns,  filtering  chambers,  flat 
tops,  curbs,  and  surmounting  vases,  were  all  executed  in  concrete, 
with  two  l^xl|  rods  in  each  of  the  deep  beams  crossing  each 
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other  on  each  side  of  the  center  curb,  as  shown  in  Figs.  8  and  9. 
These  cisterns  are  each  27  feet  in  diameter  and  15  feet  deep. 
The  top  is  covered  with  two  feet  of  earth,  and  drays  loaded  with 
iron  pipe  have  been  driven  over  them,  although  the  top  was  de- 
signed to  be  in  lawn  and  not  intended  for  traffic. 


-  Fig.  10.  - 

In  1885,  Mr.  Ransome  erected  the  building  for  the  Arctic  Oil 
Company's  works  in  this  city,  and  made  the  roof  over  a  fire- 
proof warehouse  in  the  manner  shown  in  Fig.  10.  Mr.  Ran- 
some describes  it  in  this  manner:  "  This  roof  is  seventy-five  feet 
long  by  twenty-five  feet  wide  between  the  walls,  which  are  its 
sole  support.  It  consists  of  a  number  of  winged  beams,  which, 
being  made  and  jointed  side  by  side,  form  the  roof  in  a  series  of 
semicircular  arches  having  a  diameter  of  about  three  feet  and  a 
thickness  of  four  inches,  each  beam  containing  two  twisted  iron 
bars  one  inch  square  and  twenty-sis  feet  long,  placed  about  two 
inches  from  its  bottom.  Its  calculated  strength,  verified  by  ex- 
periment, is  eight  times  its  constant  load.  Upon  removing  all 
temporary  supports  and  scaffolding  on  the  tenth  day  the  roof 
did  not  show  any  deflection,  although  carefully  measured  to 
within  an  eighth  of  an  inch." 

In  building  a  brick  warehouse  in  Stockton  in  1885  on  newly 
made  ground,  the  hard-pan  being  from  twelve  to  fifteen  feet 
from  the  surface,  and  desiring  to  save  the  expense  of  continuous 
foundations  of  such  depth,  piers  of  concrete  were  put  in  about 
fifteen  feet  apart  and  with  footings  on  the  hard-pan.  At  the 
surface  of  the  ground  a  base  course  of  concrete  was  formed  with 
twisted  rods  of  proper  size  extending  from  pier  to  pier.  On 
this  base  course  and  girder  were  built  the  brick  walls  of  the 
warehouse.  In  one  or  two  places  slight  cracka  appeared  over 
the  piers,  which  were  evidently  due  to  uneven  settling. 
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In  one  other  case,  while  constructing  a  brick  building  of  two 
stories  on  very  soft  ground  near  our  city  front,  the  twisted  rod 
and  concrete  combination  was  applied  in  the  manner  shown  in 
Fig.  11.  The  footings  of  the  side  walls  were  not  allowed  to 
spread  out  on  the  adjoining  property.  Cross  walls  of  concrete 
were  built  every  fourteen  feet,  three  feet  wide  on  the  bottom 
and  three  feet  high,  with  two  1^-inch  twisted  rods  in  each  near 
the  top,  as  is  evident  the  tensile  strain  would  be  in  that  mem- 
ber. On  the  center  of  these  cross  walls  rest  the  columns  sup- 
porting the  girder  of  second  floor,  while  the  first  floor  beams  are 
parallel  with  the  side  walls  and  rest  directly  on  the  cross  walls, 
thus  distributing  the  weight  of  first  floor  and  its  load  over  the 
entire  area.  Some  settling  took  place  during  the  erection  of 
this  building,  aud  several  of  the  cross  walls  were  cracked  before 
the  building  was  finished.  No  settlement  has  been  observed 
since,  and  the  brick  walls  have  not  cracked.  The  results  in  this 
case  were  as  good  as  could  be  expected  with  a  great  depth  of 
soft  mud  below.  In  such  situations  the  entire  area  of  the  build- 
ing should  be  covered  with  concrete  and  the  rods  placed  as  high 
as  possible. 


31    11    II    II     il. 


-  FlG.ll  - 


Twisted  rods  of  iron  or  steel  imbedded  in  concrete  walls, 
floors  aud  ceilings  of  bank  vaults  form  a  good  burglar  resisting 
substance,  as  well  as  being  fire-proof.  On  one  occasion,  while 
building  a  concrete  bank  vault  in  an  interior  town,  several  tons 
of  worn-out  steel  plow-shears  were  placed  in  the  concrete  in 
such  positions  as  would  be  most  likely  to  discourage  burglars 
in  attempting  to  cut  through  the  wall. 

Enough  has  been  said  to  show  the  practical  character  of  such 
combination  of  iron  and  concrete  in  building  construction,  while 
2 
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many  other  applications  will  suggest  themselves  to  the  architect 
and  engineer,  as  in  the  construction  of  domes,  spires  and  tall 
chimneys;  in  bridges,  dams,  aqueducts  and  reservoirs  it  could 
often  be  used  to  great  advantage  in  strength  and  economy.  To 
suggest  one  great  national  undertaking  where  the  writer  believes 
better  results  could  be  obtained  at  less  than  half  the  cost  of  the 
present  work:  The  Eddystone  Lighthouses,  both  as  built  by 
Smeaton  and  the  one  recently  completed.  When  one  considers 
the  great  expense  of  the  intricate  dovetailing  of  the  stones  to- 
gether, the  trouble  in  handling  and  dowelling  such  masses  and 
the  comparatively  shallow  depth  of  the  anchorage,  and  then 
consider  that  if  built  with  concrete  and  iron  it  could  be  anchor- 
ed with  any  number  of  twisted  rods  extending  to  any  desired 
depth  into  the  rock  and  grouted  in  with  cement,  holding  at  the 
lower  end  like  the  deep  and  spreading  roots  of  a  tree,  while  at 
the  other  end  the  rods  could  reach  to  the  very  summit,  holding 
with  an  iron  grip  the  capstone  to  the  lowest  depth;  further- 
more, for  less  than  one- third  the  cost  of  stone,  worked  as  was 
the  stone  in  the  Eddystone,  Bellrock,  and  other  lighthouses  of 
that  class,  a  concrete  could  be  prepared  of  Portland  cement, 
dense  stone  and  iron  shavings  that  would  be  from  30  to  50  per 
cent,  heavier  than  granite  and  better  to  resist  the  action  of  wa- 
ter, while  the  trouble  and  expense  of  placing  in  permanent  or 
temporary  iron  curbing  would  not  be  so  great  as  handling  the 
cut  stone.  It  has  been  demonstrated  on  this  coast  that  good 
concrete  foundations  for  large  engines  are  much  more  satisfac- 
tory than  those  built  of  brick  or  stone.  Now,  the  writer  would 
suggest  that  the  bolts  holding  the  engines  to  such  beds  should 
be  of  twisted  square  iron,  thus  taking  a  firm  hold  at  all  points 
through  their  length  and  not  simply  at  the  lower  ends.  For 
setting  anchors,  bolts  or  other  fastenings  in  concrete,  it  is  only 
necessary  to  twist  square  or  flat  bars  of  iron  and  imbed  where 
wanted.  Iron  thus  imbedded  in  Portland  cement  concrete,  with 
sufficient  thickness  of  cement  around  it,  is  perfectly  protected 
from  rust  as  well  as  fire,  and  cannot  deteriorate  with  age.  The 
writer  believes  the  discovery  to  be  of  great  value  to  the  building 
world,  and  that  its  application  will  extend  as  its  merits  are  ap- 
preciated and  before  many  years  will  become  general. 
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IFORNIAN  METHODS  OF  MANUFACTURING 

SALT  FROM  SEA-WATER. 

By  F.  GUTZKOW,  Mem.  Tech.  Soc. 
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Among  the  industries  which  have  been  fostered  by  the  pecu- 
liarities of  the  climate  of  California,  the  manufacture  of  salt  from 
sea  water  holds  a  prominent  place.  The  States  of  the  Pacific 
Coast,  the  Territories,  so  far  as  railroad  charges  will  allow  compe- 
tition with  the  East,  and  several  other  countries  situated  on  the 
Pacific  Ocean,  are  supplied  exclusively  or  principally  from  the 
salt  made  from  the  water  of  the  bay  of  San  Francisco.  The  op- 
erations practiced  here  in  separating  the  salt  may  not  appear  to 
differ  essentially  from  those  practiced  elsewhere.  Still,  there  is 
some  difference,  due  to  climate  and  other  causes,  and  it  may 
prove,  perhaps,  not  uninteresting  to  place  the  making  of  sea- 
salt  in  California  and,  for  instance,  France,  side  by  side  for  the 
purpose  of  comparison.  I  will,  therefore,  present  the  transla- 
tion of  a  very  clear  and  concise  report  on  the  principal  salt- 
works near  Marseilles,  published  in  1883,  by  the  distinguished 
chemist,  Professor  Lunge  of  Zurich,  add  thereto  a  description 
of  our  principal  Californian  works,  following  closely  the  order 
of  Mr.  Lunge's  description  of  the  French  works,  and,  finally, 
point  out  the  advantages  of  the  two  methods  practiced. 
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THE    FRENCH   PROCESS. 

The  works  of  A.  R.  Pechiney  &  Co.,  says  Professor  Lunge, 
are  situated  on  an  island  formed  in  the  delta  of  the  Rhone,  and 
comprise  3,700  acres  actually  used  for  salt  making.  There  being 
no  notable  tides  in  the  Mediterranean,  the  sea  water  is  lifted  27 
inches  high  by  a  steam  pump  into  the  bed  of  a  former  lagoon  of 
600  acres  area.  Thence  it  flows  into  another  lagoon  of  3,000 
acres  area,  which  has  a  clayej'  soil  and,  naturally,  a  slight  inclin- 
ation to  the  center.  The  sea  water  enters  with  a  strength  of 
3.6J  Beaume,  circulates  through  several  smaller  ponds  into  which 
the  large  lagoon  is  divided,  and  arrives  at  the  central  reservoir 
with  the  specific  gravity  of  25°  Beaume,  1,000  gallons  of  the  sea 
water  having  been  concentrated  into  102  gallons  of  brine.  At 
16  B.  gypsum  commences  to  separate.  The  process  begins  in 
May,  lasts  150  days,  and  is  much  favored  by  the  "  mistral"  (the 
dry  northwestern  wind  of  Southern  France,  which  blows  during 
several  weeks).*  The  water  circulating  continuously,  the  sup- 
ply has  to  be  regulated  by  the  steam  pumps  according  to  the 
progress  of  evaporation. 

From  the  reservoir  the  concentrated  brine  of  25  B.  is  lifted 
by  another  steam  pump  to  the  crystallizing  ponds.  They  cover 
150  acres,  and  comprise  four  rows  of  eight  ponds  each.  Each 
pond  is  460  feet  long  and  wide,  twelve  inches  deep,  and  of  a 
little  less  than  five  acres  area.  Parallel  to  the  row  of  eight 
ponds  runs  the  storing  place  of  the  salt,  5,000  feet  long.  It 
extends  between  two  canals.  One  of  them  is  the  large  shipping 
canal  connecting  with  the  Rhone  river;  the  other  one  is  filled  with 
concentrated  brine,  and  serves  for  carrying  the  salt  from  the  32 
ponds  to  the  storing  place.  Rectangular  branches  intersect  in  a 
suitable  manner  the  ponds,  so  that  each  pond  presents  one  of 
its  four  sides  to  the  canal.  The  feeding  ditch  which  brings  the 
brine  runs  along  the  main   canal   and   crosses  the  branch  canals 

"The  author  states  the  evaporation  on  a  favorable  day  to  be  "1  cubic 
meter  per  hectare,"  which  should  probably  read:  per  "  are,"  or  1,400  cubic 
feet  per  acre.  The  production  of  the  works  being 52, 000  tons,  I  calculate  the 
water  evaporated  on  the  3,600  acres  to  be  83,000,000  cubic  feet,  or  23,000 
per  acre,  or  about  150  cubic  feet  per  day  and  acre  on  an  average. 
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by  syphons.*  The  order  of  the  plant  is,  consequently,  as  follows: 
Shipping  canal,  storage  place,  main  brine  canal,  feeding  ditch, 
four  rows  of  ponds. 

Through  these  rows  of  crystallizing  ponds  the  brine  flows  in 
a  slow  but  continuous  stream,  which  is  interrupted  during  night- 
time or  unfavorable  weather.  It  covers  the  bottom,  or  the  salt 
already  separated,  4  inches  high,  commences  to  separate  salt  at 
25.6°  B.,  and  is  allowed  to  run  off  at  27°  B.  At  the  close  of  the 
season  the  salt  is  found  in  a  layer  from  1\  to  2£  inches  thick, 
and  the  yield  is  350  tons  (of  2,000  pounds  A.  d.  p.)  per  acre,  or 
52,000  tons  for  the  whole  plant.  The  season  of  crystallization 
lasts  50  days;  the  harvest  commences  in  August  and  lasts  four 
or  five  weeks.  Up  to  the  beginning  of  harvesting  all  the  labor 
required  has  been  furnished  by  two  men,  who  had  charge  of  the 
regulation  of  gates.  In  harvesting,  the  mother-brine  or  "  bit- 
tern," is  removed  as  rapidly  as  possible,  the  salt  carefully  lifted 
off  the  bottom,  thrown  into  heaps  of  six  or  eight  tons  each,  al- 
lowed to  drain  a  few  days,  wheeled  toward  the  nearest  point  of 
the  branch  brine-canals  and  dumped  into  wooden  boxes.  These 
boxes  rest  on  low  barges.  Each  box  holds  two  tons,  each  barge 
two  boxes.  The  barges  are  hauled  by  mules  to  and  along  the 
main  brine  canal  to  a  steam  derrick,  which  lifts  one  box  at  a 
time  and  dumps  the  salt  on  the  pile.  The  salt  piles  run  in  a 
straight  uninterrupted  line,  in  fact  form  only  one  enormous  pile. 
It  is  60  feet  wide,  23i  feet  high,  the  sides  slanting  to  within  4| 
feet  from  the  bottom,  when  they  become  perpendicular.  One 
running  foot  contains  26.8  tons  of  salt,  assuming  the  weight  of 
the  loose  salt  to  be  one  cubic  meter=one  thousand  kilos;  that 
is  as  heavy  as  water:  62.4  lbs.  per  cubic  foot.  Covering  of  the 
salt  pile  is  dispensed  with,  the   loss  by   rain   being  only  7   per 

^Probably  some  local  difficulty  led  to  the  rather  poor  contrivance  of  cross- 
ing one  ditch  by  another  by  means  of  a  "syphon."  Fig.  1  represents  the  plan 
of  the  works  as  it  ma}'  be  understood  from  the  description,  the  feeding  ditch 
being  placed  in  what  I  consider  the  correct  position.  Explanation  is  hardly 
required.  From  the  author's  description  it  does  not  appear  whether  the 
brine  circulates  through  the  row  of  four  or  of  eight  ponds.  The  drawing  is 
made  for  four  ponds,  but  may  equally  well  apply  for  a  row  of  more  than  four 
ponds.     Fig.  2  shows  a  section  through  the  feeding  and  discharging  ditches. 
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cent,  annually.  The  cost  of  the  salt  when  thrown  on  the  pile 
is  ten  cents  per  ton.  All  the  salt  made  as  described  is  supposed 
to  be  of  one  quality,  No.  1.  Its  purity  is  promoted  by  allowing 
a  certain  alga  (Micrococcus  Corvium)  to  grow  during  winter,  which 
covers  the  bottom  of  the  crystallizing  ponds  with  a  uniform  film 
one-sixteenth  of  an  inch  thick.  For  this  purpose,  sea-water  is 
admitted  to  the  ponds  after  harvesting  is  over  to  dissolve  any 
remaining  salt,  and  to  form  a  weak  brine  of  8°  B.,  in  which  the 
alga  grows. 

For  the  further  concentration  of  the  bittern,  which  measures 
64  gallons  from  1,000  sea-water,  another  system  of  150  acres  is 
provided,  to  wit: 

38  acres  for  concentrating  from  27'  to  28. 5  B.,  yielding  salt  No.  2. 
69  acres  for  concentrating  from  28.5  to  31  B.,  yielding  salt  No.  3. 
26  acres  for  concentrating  from  'M  to  3  .5"  B.,  yielding  salt  No.  4. 
17  acres  for  concentrating  from  32.5'  to  35  B. .yields  "sels  niixtes," 
or  mixed  salts,  consisting  of  chloride  of  sodium  and  sulphate  of 
magnesium.  No.  3  is  used  for  pickling  meat;  No.  4  is  thrown 
away.  During  the  winter  the  bittern  of  35°  B.  is  stored  in  a 
cement-lined  reservoir  of  5  acres  area,  13  feet  deep,  and  sepa- 
rates "  Epsom  salt;"  that  is  sulphate  of  magnesium.  But  also 
"  Carnallite  "  will  separate  when  the  temperature  sinks  below 
a  certain  mark.  Therefore  the  bittern  is  kept  warm  by  a  layer 
or  current  of  sea  water  on  the  top,  which  will  not  mix  with  the 
heavy  solution. 

The  bittern  having  become  weaker  by  the  separation  of  Epsom 
salt  and  measuring  only  16  gallons  from  1,000  sea-water  is  con- 
centrated by  artificial  heat  (Porion's  oven)  to  34°  B. ;  measured 
while  hot.  A  solution  of  chloride  of  magnesium,  resulting  in 
the  progress  of  operations,  as  will  be  shown  presently,  is  also 
concentrated  by  heat  (ordinary  iron  pans)  to  40r  B.  Both  solu- 
tions are  mixed  in  a  certain  proportion,  when  another  batch  of 
"  sels  mixtes  "  is  obtained,  which  are  added  to  the  other  lot. 
On  cooling,  carnallite  separates  from  the  mother-liquor;  that  is 
a  double  salt  of  the  chlorides  of  potasium  and  magnesium. 
The  liquid  finally  contains  principally  chloride  of  magnesium ; 
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a  portion  is  retained  for  the  operation  described  above;  the  rest 
run  to  waste. 

The  conversion  of  the  "  sels  mixtes  "  and  the  carnallite  into 
marketable  products  takes  place  in  the  following  manner:  The 
"sels  mixtes"  are  dissolved  to  a  solutionof  30  B.,  care  being 
taken  that  the  proportion  of  the  constituents  approaches  the 
conditions  of  the  equation  2NaCl  -f  MgS04  =  Na2S04  -f-MgCL. 
This  solution  is  cooled  by  an  ammonia  ice  machine  to  42"  F. 
Glauber  salt,  that  is  hydrated  sulphate  of  sodium,  separates  in 
small  crystals;  is  scraped  and  hoisted  up  by  mechanical  means; 
is  freed  from  liquid  in  a  centrifuge  while  still  cold;  is  mixed 
with  45  per  cent,  of  "  sels  mixtes,"  heated  in  an  iron  kettle  to 
176"  F.,  and  treated  a  second  time  in  a  centrifuge;  this  time, 
however,  at  a  temperature  not  below  91"  F.  Thus  it  has  been 
converted  into  the  anhydrous  sulphate  of  sodium,  the  commer- 
cial article  used  for  glass  making  and  soda  manufacture.  The 
mother-liquor  returns  from  the  centrifuge  to  form  part  of  the 
30°.  B.  solution  of  "  sels  mixtes." 

The  carnallite  separates  readily  by  treatment  with  a  suitable 
amount  of  fresh  water  into  a  solution  of  chloride  of  magnesium, 
which  is  allowed  to  run  to  waste,  and  undissolved  chloride  of 
potassium.  It  is  treated  in  the  centrifuge  and  contains,  then, 
from  65  to  82  per  cent,  of  C1K.  Part  of  it  is  converted  into 
chlorate  of  potassium  at  the  company's  chemical  works;  the 
principal  portion,  however,  is  sold  for  agricultural  purposes. 

Professor  Lunge  does  not  state  the  amount  of  chloride  of 
potassium  obtained  per  annum,  and  mentions  only  the  daily 
production  of  thirteen  tons  sulphate  of  sodium,  probably  only 
during  part  of  the  year.  I  calculate  that,  in  addition  to  the 
annual  52,000  tons  of  salt,  there  might  be  produced  about  1,000 
tons  of  chloride  of  potassium  and  5,000  tons  of  sulphate  of 
sodium. 
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The  following  analyses  are  given  of  the  three  grades  of  salt: 


No.  1. 

No.  2. 

No.  3. 

CaS04 

1.115 

.621 

.440 

MgS04 

.221 

.506 

.612 

KC1 





.122 

MgCl2 

.100 

.377 

1.300 

Insoluble 

.050 

.030 

.050 

HO 

1.400 

4.201 

5.738 

NaCl 

97.100 

94.212 

91.217 

99.9S6  99.947  99.499 

THE    CALIFORNIA^    PROCESS. 

The  works  of  the  Union  Pacific  Salt  Company  are  situated 
twenty  miles  southeast  of  San  Francisco,  at  the  point  of  a  pen- 
insula formed  in  the  marshes  of  the  eastern  shore  of  the  bay  of 
San  Francisco,  between  Mount  Eden  and  Alvarado  Creeks. 
Both  creeks  are  easily  navigable  at  high  tide  for  sailing  schoon- 
ers of  fifty  and  stern-wheelers  of  hundred  tons'  carrying  capacity. 
The  works  comprise  1,300  acres  utilized  for  salt  making.  The 
sea  water  is  taken  from  Mount  Eden  Creek  twice  a  year,  that  is, 
during  the  extraordinary  high  tides  of  the  equinoxes,  which  rise 
about  six  feet  in  the  creek,  whilst  the  ordinary  tidal  movement 
is  only  from  four  to  five  feet.  Large  flood-gates  allow  a  rapid 
filling  of  the  first  lake.  This  lake,  as  all  others,  is  formed  by 
throwing  a  levee  up  to  the  height  which  will  secure  against 
inroads  of  the  bay;  otherwise  the  marsh  is  left  undisturbed, 
being  horizontal  and  consisting  of  a  clayey  soil.  After  passing- 
several  other  lakes,  depositing  gypsum,  the  brine  of  24'  B.  is 
stored  in  a  pond  serving  as  a  reservoir.  The  process  is  not  con- 
tinuous, but  the  lakes  ai*e  emptied  or  filled  when  they  obtain  a 
certain  concentration.  The  evaporation  begins  in  April  and 
lasts,  rarely  interrupted  by  a  slight  rain,  until  November;  but 
even  in  wiuter  the  frequency  of  sunny  days  favor  concentration, 
and  already  in  May  there  is  sufficientky  strong  brine  on  hand  to 
commence  the  separation  of  salt  in  the  crystallizing  ponds. 

The  brine  is  lifted  to  them  by  wind  power,  which  hardly  ever 
fails    during    the  whole  year.     They    are   of  unequal  size,   the 
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largest  being  300  feet  long  and  wide  (two  acres),  and  are  placed  in 
one  row,  covering  in  all  24  acres.  They  are  12  inches  deep;  a 
few  have  wooden  floors,  but  most  only  the  black  clay  of  the 
marsh  as  bottom.  The  floors  give  only  indifferent  satisfaction, 
as  the  liquid  mud  is  very  apt  to  soak  through  any  cracks  and 
spoil  the  salt  during  harvesting.  The  formation  of  an  alga,  like 
Micrococcus  Corvium,  referred  to  above,  has  not  been  observed 
in  California.  Parallel  to  the  ponds  run  the  discharging  ditch, 
the  feeding  ditch,  a  railroad  track,  the  salt  piles,  the  wharf  and 
Mount  Eden  creek,  as  represented  on  Fig.  3.  The  raihoad 
serves  for  carrying  the  salt  filled  in  sacks  on  the  spot  from  the 
more  distant  piles  to  the  wharf.  The  ponds  are  filled  two,  often 
three,  some  favorable  year  6ven  four  times,  with  concentrated 
brine,  each  time  about  ten  inches  high,  and  care  is  taken  not  to 
disturb  the  crystallization  by  addition  of  fresh  brine.  The  bit- 
tern is  run  off  not  below  28'  B.,  but  reaches  often  29'  or  30'  B. 
The  salt  is  gathered  every  time  the  pond  is  emptied  of  bittern. 
The  workmen  are  Chinese,  who  are  paid  one  dollar  per  day. 
They  work  steadily  and  require  little  control,  but  soon  fall  into 
their  own  way  of  doing  things,  and  cannot  be  driven.  Since 
the  import  trade  in  Chinese  has  been  restricted  they  have  be- 
come quite  independent,  and  strike  on  small  provocation. 

After  the  bittern  has  flown  off,  the  salt  is  loosened  by  wooden 
spades  and  thrown  into  cones  of  half  a  ton  each  for  draining. 
It  is  then  wheeled  to  the  salt  pile  fronting  the  pond  and  dumped 
four  and  five  feet  above  the  ground,  the  farther  throwing  up 
being  done  by  shovel.  The  salt  piles  are  32  feet  wide,  1G  feet 
high,  sloping  from  top  to  bottom,  and  of  varying  lengths,  gen- 
erally 100  feet  or  less.  They  hold  eight  tons  per  running  foot, 
and  are  left  uncovered.  The  loss  by  rain  is  stated  to  be  ten  per 
cent.;  the  average  crop  500  tons  per  acre  of  crystallizing  ponds, 
the  total  production  of  the  works  12,000  tons  per  annum,  and 
the  cost  of  one  ton  of  salt,  when  thrown  on  the  pile,  60  cents. 
The  great  bulk  of  the  salt  may  be  rated  as  No.  3.  No.  2  is  the 
salt  made  on  the  woodeu  floor  and  No.  1  that  produced  from 
three  quarter  acres  of  wooden  vats  120xl6x|  feet  raised  two 
feet  from  the  ground,  where  particular  care  is  employed  for 
clean  harvesting1. 
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A  portion  of  the  bittern  of  about  29  B.  is  utilized  for  making 
carbonate  of  magnesium,  for  which  there  is  a  local  demand  as 
an  absorbent  of  nitro-glycerine.  The  bittern  is  mixed  with 
milk  of  lime,  the  separated  hydrate  of  magnesium  washed  with 
water  and  converted  into  carbonate  by  furnace  gas.  An  artesian 
well,  120  feet  deep,  and  situated  only  a  few  feet  from  the  wharf, 
flowing  at  the  rate  of  10,000  cubic  feet  per  day,  furnishes  the 
water  required. 

A  futher  utilization  of  bittern  has  not  been  attempted.  Sul- 
phate of  sodium  or  magnesium,  or  chloride  of  potassium,  are 
things  which  sell  in  California  only  in  drug  stores.  Perhaps  the 
future  development  of  agriculture,  for  instance,  the  making  of 
beet  sugar,  may  create  a  demand  for  cheap  sources  of  potas- 
sium, as  the  Californian  soil  is  notably  deficient  of  that  alkali. 
Some  members  of  this  Society  have  attempted  to  use  the  chlo- 
ride of  magnesium  of  the  bittern  for  making  cements  and 
bleaching  powder.  If  they  did  not  succeed,  their  emptied  pock- 
ets will  show  that  they  endeavored  to  follow  science  up. 

The  following  analyses  have  been  made  by  myself: 


Bay  Water. 


NaCl 

KC1 

CaS04 

Xa.SO, 

KSO, 

MgS04 

MgCl2 

MgBr2   

H„0  and  loss 


2.3177 
.0458 
.1232 


.1792 

.2571 

.0024 

97.0746 


Sat'd  Brine. 


100.0000 


22.79 

.08 

1 

\    5.05 

I 
J 
72.0S 


100.00 


-c,.. .  Bay  fealt, 

Bittern.        K  •  j 
Dried. 


13.6713 


\    99.434 

.436 

.019 


1.1972  

4.5621    I  

8.9435  .111 

.0898  

71.5361 


1UO.OO0O 


100.000 


Professor  Thomas  Price,  of  this  city,  also  states  the  percent- 
age of  dry  bay  salt  to  be  99.4  NaCl. 

The  works  as  described  have  been  planned,  erected  and  man- 
aged by  Mr.  A.  B.  Winegar,  who  never  saw  or  read  of  European 
sea  saltmaking,  but  followed  exclusively  his  own  practical  good 
sense. 
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COMPARISON    OF    THE    TWO    PROCESSES. 

In  comparing  the  French  and  Californian  works,  I  begin  with 
the  most  important  statement  made,  namely,  that  the  ton  of 
stored  salt  costs  sixty  cents  here,  and  only  ten  cents  in  France. 
Whilst  I  have  excellent  authority  for  the  Californian  figure,  I 
believe,  I  have  reason  to  doubt  Professor  Lunge's  correctness 
in  this  one  point.  The  following  analysis  will,  perhaps,  support 
me.  The  labor  and  work  required  at  the  French  establishment 
are: 

1.  By  steam  power. — To  pump  3,000,000  tons  of  sea  water 
and  brine  '1\  feet  high;  to  raise  52,000  tons  salt  30  feet  high  by 
derrick. 

2.  By  hand  power.— To  shovel  52,000  tons  salt  into  cones; 
average  lift  say,  4  feet,  distance,  6  feet;  to  shovel,  wheel  and 
dump  into  boxes  52,000  tons,  distance  say,  250  feet. 

3.  By  mule  power. — To  drag  13,000  barges  of  4  tons  load 
each  over  say,  1,200  feet  canal,  and  return  empty. 

I  do  not  think  that  one  of  our  members  could  take  a  contract 
for  this  work  at  $5,200,  even  at  Marseilles  prices  of  labor.  With 
Californian  labor,  I  would  decline  the  job  at  twice  that  sum. 
Still,  I  have  no  hesitation  in  asserting  that  the  French  process 
is  cheaper,  consequently  better,  and  ought  to  be  adopted  on  this 
Coast. 

The  natural  advantages  of  the  Californian  works  are  very 
great:  nearness  to  the  great  market  of  San  Francisco,  accessi- 
bility on  an  excellent  water-course,  high  tides  which  make  pump- 
ing of  sea  water  unnecessary,  wind-power  available  during  the 
whole  year,  the  great  length  of  the  rainless  season  which  allows 
to,  at  least,  double  the  duration  of  the  crystallizing  period — all 
this  ought  to  contribute  much  to  balance  the  better  condition  of 
the  French  labor  market.  Some  of  the  advantages  enumerated 
explain  the  Californian  yield  of  500  tons  per  acre  against  350 
tons  in  France.  By  the  continuous  system  of  crystallization 
the  great  delays  by  interrupting  the  process  several  times  and 
the  over-concentration  of  the  bittern  could  be  avoided.  For, 
although  the  separation  of  salt  is  facilitated  by  the  increase  of 
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chloride  of  magnesium  in  the  brine,  this  is  more  than  balanced 
by  the  slower  evaporation  from  such  concentrated  solutions- 
Under  such  circumstances  I  think  it  quite  probable  that  the 
yield  per  acre  could  be  made  twice  that  of  France. 

The  advantages  of  a  canal  for  transporting  salt  may  appear 
less  marked,  as  long  as  the  Californian  works,  owing  to  their 
comparative  smallness,  can  get  along  with  one  row  of  crystal- 
lizing ponds.  But  they  would  be  valuable  at  other  works,  with 
less  favored  landing-place,  which  have  to  pay  extra  high  freight 
to  San  Francisco,  owing  to  the  frequent  strandings  of  the 
schooners.  At  one  marsh,  owned  by  Italians,  near  Mount  Eden, 
the  plan  of  moving  salt  by  canal  has  been  tried  but  found  want- 
ing, because  the  sides  not  being  protected  by  boards,  nor  the 
bottom  by  the  salt  from  the  brine  with  which  the  canal  ought  to 
have  been  rilled,  it  very  soon  filled  with  mud.  At  present,  it 
serves  only  as  a  warning  to  our  salt  makers  to  avoid  the  repeti- 
tion of  the  alleged  failure.  In  the  soft  mud  of  our  marsh  land 
such  canals  will  not  stand  without  wooden  protection,  if  they 
do  elsewhere . 

The  hoisting  of  the  salt  by  steam-derrick  ought  to  be  intro- 
duced at  all  large  works  by  all  means.  The  wheelbarrows  ought 
to  dump  into  boxes  standing  conveniently  for  the  hoist.  The 
saving  in  shovelling  up  and  in  valuable  storage-room  need  not 
be  discussed.  The  mere  changing  of  staging  for  the  wheelbar- 
row is,  with  Chinese  workmen,  a  considerable  item,  and  a  trial 
for  the  good  temper  of  the  superintendent.  The  Chinese  boss 
has  rarely  any  authority  over  his  men,  and  the  white  boss  is  gen- 
erally misunderstood.  Chinamen  always  chatter  ceaselessly, 
when  working,  but  when  you  hear  them  babble  all  at  once,  you 
may  be  sure  a  plank  is  to  be  moved.  One  thousand  tons  of  salt 
stored  in  the  Californian  manner  form  a  pile  125  feet  long,  cov- 
ering 4,000  square  feet,  exposing  44  square  feet  surface  to  the 
rain  per  running  foot,  or  5h  square  feet  per  ton  under  45'  slant. 
The  same  weight  stored  as  in  France  give  a  pile  only  37  feet 
long,  covering  2,200  square  feet,  offering  80  square  feet  surface 
per  foot,  or  three  square  feet  per  ton  under  33;  slant.  It  will  be 
said  that  the  steeper  the  pile  the  quicker  will  the  rain  run 
off.     This  is  not  strictly  correct,  because  the  pile  soon  gets  so 
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honeycombed  that  the  water  follows  its  own  courses,  and  very 
little  will  run  down  the  surface.  On  the  other  hand,  the  salt- 
makers,  both  here  and  in  France,  claim  that  the  rain  water 
purifies  the  salt  from  bittern.  No  doubt  about  that!  But  the 
rain  acts  only  to  the  depth  of  a  few  feet,  finding  abundant  chan- 
nels to  run  down.  The  great  core  is  left  untouched.  If  it  is 
desired  to  improve  the  salt  by  utilizing  the  rain,  certainly  some 
better  device  may  be  invented  than  throwing  it  up  to  a  gigantic 
heap. 

No  practical  person,  saltmaker  or  not,  will  deny  that  it  is 
much  cheaper  to  remove  the  salt  by  one  crop  than  to  divide  it 
into  two  or  three,  repeating  the  work  of  loosening  salt,  throw- 
ing it  into  cones,  and  laying  a  track  for  wheelbarrows  two  or 
three  times.  Nor  will  he  deny  that  it  is  much  cheaper  to  con- 
centrate hoisting  by  derrick  to  a  few  weeks  than  extend  it  over  a 
long,  often  interrupted,  period.  It  is,  also,  more  convenient 
and  effective  to  superintend  a  large  force  of  men  working  at  one 
point  for  a  short  time,  than  to  keep  control  over  a  small  gang 
during  the  whole  season,  working  to-day  here  and  to-morrow  half 
a  mile  away.  I  will  here  mention  that  I  consider  it  quite  feasi- 
ble to  store  the  whole  crop  of  a  pond  during  winter  by  filling 
the  pond  with  bittern  to  the  top  and  arranging  a  suitable  over- 
flow of  the  rain  water.  To  practical  saltmakers,  who  may  claim 
to  have  tried  that  unsuccessfully,  I  answer,  that  I  doubt  if  they 
filled  the  ponds  high  enough  with  bittern.  Without  saving 
some  bittern  during  summer  the  plan  will  not  work.  If  the 
Frenchmen  are  able  to  store  during  winter  6,000,000  cubic  feet 
of  bittern  of  353  B.  in  an  open  reservoir  of  five  acres'  surface,  I 
suppose  we  can  store  our  salt  the  same  way.  I  do  not  mean  to 
advocate  that  as  the  proper  way  to  store  salt,  but  it  may  serve 
as  a  useful  makeshift  against  the  uncertainties  of  our  labor 
supply. 

The  continuous  system  of  concentrating  the  sea-water  into 
brine  will  recommend  itself  to  those  saltmakers  who  are  tired 
of  tramping  over  miles  of  levees  to  watch  the  gates  or  to  steal 
their  way  along  the  ditches  at  midnight  to  stop  a  windmill.  The 
continuous  system  makes  an  intermediate  pumping  entirely  un- 
necessary, and  it  is  within  the  reach  of  possibility  that  a  salt- 
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maker  may  sit  in  his  easy-chair,  sampling  the  brine  to  his  left 
and  with  his  right  regulating  by  a  twelve  inch  board  the  work 
of  his  cheap  and  faithful  servant — the  sun. 

If  my  paper  should  contribute  to  place  the  Californian  salt- 
maker  of  the  future  into  this  enviable  position,  I  hope  you  feel 
yourselves  rewarded  for  having  listened  to  it. 


4— Shipping  Canal. 
B— Salt  Piles. 
C— Ponds. 

D — Main  Brine  Canal. 
E — Branch  Brine  Canal. 
a — rFeeding  Ditch. 
b — Discharging  Ditch. 
d — Railroad 


[Figs,  i  and  2  are  not  drawn  to  Scale.\ 
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ON     THE     MAXIMUM     VELOCITY    ACQUIRED    BY 

SMALL  BODIES  FALLING  IN  WATER 

AND  GLYCERINE. 

By  LL'THER  WAGONER,  Mem.  Tech.  Soc. 
Read  March  2,  1888. 

The  object  of  this  paper  is  to  show  that  the  commonly  ac- 
cepted formula  for  the  fall  or  suspension  velocities  of  small 
bodies,  such  as  ore  grains,  glass  balls,  etc.,  does  not  even  ap- 
proximately give  correct  results,  and  to  suggest  a  new  formula 
therefor. 

To  investigate  this  subject  for  ore  grains  smaller  than  one 
millimetre  diameter,  the  following  described  apparatus  was 
used. 

A  glass  tube  22.7  mm.  bore  and  450  mm.  long  was  drawn  out 
at  one  end  so  that  the  dimensions  were  at  the  top  of  the  tnbe 
22.7  mm.,  at  230  mm.  from  top  the  same,  at  the  bottom  10.1 
mm.  An  U  tube  was  joined  to  the  bottom  by  rubber  tubing, 
and  thence  from  U  to  a  reservoir;  about  one  metre  above  the 
bottom  of  the  U  the  reservoir  was  provided  with  an  overflow 
weir  so  arranged  as  to  maintain  a  constant  head;  a  screw  pinch- 
cock  on  the  tube  from  reservoir  was  used  to  control  the  flow. 

The  top  of  the  glass  tube  has  an  encircling  funnel-shaped  col- 
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lar  about  \\  mm.  below  the  top  of  the  tube,  and  a  spout  to  con- 
duct the  water  and  ore  iuto  a  measuring  bottle. 

A  glass  funnel  6.3  mm.  diameter  was  placed  in  the  axis  of  the 
large  tube  and  reached  to  near  its  bottom.  This  funnel  served 
to  introduce  the  ore  into  the  bottom  of  the  apparatus. 

The  apparatus  being  filled  with  water,  a  small  charge  of  ore 
introduced  and  the  pinch-cock  opened,  the  cross-section  of  the 
U  tube  being  much  less  than  that  of  the  vertical  tube  the  ore 
is  carried  up  by  the  current,  and  some  of  the  finer  grains  will 
go  over  even  with  a  scarcely  perceptible  current.  In  the  lower 
or  tapered  part  of  the  tube  the  grains  are  rising  and  falling 
rapidly,  while  in  the  upper  part  the  motion  is  a  slower  one.  In 
a  few  seconds  an  equilibrium  is  established,  the  receiving  bottle 
is  placed  under  the  spout  and  the  time  noted  for  its  filling.  It 
is  next  emptied,  and  the  current  being  slightly  increased  by  the 
pinch-cock,  the  bottle  is  again  put  under  the  spout  to  receive 
the  first  grains  that  come  over,  and  the  time  for  filling  noted. 
The  time,  area  of  tube  and  volume  of  bottle  being  known,  the 
velocity  is  computed  from  the  mean  of  the  two  observations. 

The  sands  brought  over  by  the  rising  current  are  dried, 
weighed  and  counted,  from  which  the  mean  weight  of  one  grain 
is  calculated.  This  method  was  used  for  grains  between  .30 
mm.  and  .80  mm.;  for  the  smaller  diameters,  comparison  was 
made  of  the  least  diameter  with  that  of  the  larger  grains. 

The  quartz  grains  were,  after  being  counted  and  weighed  (.30 
mm.  to  .80  mm.),  placed  under  a  microscope,  and  by  means  of 
the  camera  lucida,  the  outline  of  each  grain  was  sketched  upon 
paper,  after  which  the  micrometer  scale  was  substituted  for  the 
slide  and  the  scale  was  drawn  upon  the  paper  from  which  meas- 
urement of  the  least  diameter  was  made.  This  was  done  to  en- 
able a  comparison  with  the  smaller  diameters  where  weighing 
was  not  practicable.  By  the  least  diameter  is  meant  the  least 
diameter  of  an  ore  grain  that  with  difficulty  passes  through  a 
sieve.  For  the  smaller  ore  grains  a  least  diameter  was  drawn 
upon  paper,  as  above  described,  and  the  average  length  meas- 
ured. As  a  check  the  ore  was  sifted  through  sieves,  and  that 
part  that  came  through  last  or  slowly  was  weighed  and  counted, 
and  the  net  aperture  of  sieve  carefully  measured. 
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The  ore  used  was  a  clean  quartzite  from  the  New  York  Hill 
Quartz  Mill,  Grass  Valley,  Cal.,  stamped  through  No.  4  battery 
screen,  specific  gravity  (in  the  water  used)  2.G45.  For  sieves 
the  relation  between  the  aperture  of  sieve  and  volume  of  grain 
was  found,  Volume  ==.46  diametei3,  and  calling  the  least 
diameter  d. 


\ 


Volume 


.46 

For  the  measurement  by  camera  lucicla  the  co-efficient  was 
found  to  be  .449;  multiplying  by  the  specific  gravity  2.645,  the 
equation  is 

d=3  I  Weight 
\     1.22 

This  equation  was  used  to  calculate  the  least  diameter  from  the 
weight. 

Pernolet  experimented  with  grains  from  4  to  30  mm.  diame- 
ter by  dropping  the  grains  through  a  tube  six  metres  high  and 
noting  the  time.  A  reduction  of  his  experiments  gave  me  the 
following  values  of  the  above  co-efficient:  Quartz,  1.10;  galena, 
1.28;  coal,  1.23.  (See  Anuales  des  Mine,  Vol.  IV.)  That  is  to 
say,  square  hole  in  sieve  —  1.10|/ Volume  for  quartz. 

In  the  following  table  where  the  weights  and  least  diameters 
are  given,  those  derived  by  calculation  are  so  marked. 


Velocity  of  Water  Current 

Average  weight  of  Ore 

Average  least  diameter  of  Ore 

iu  mm.  per  second. 

Grain  in  mgs. 

Grain  in  mm. 

Cal. 

Oba. 

3.06 

0.00013 

0.055 

Cal. 

Oba. 

8.62 

0.00055 

0.0838 

Cal. 

Obs. 

15. 77 

0.000748 

0.097 

Obg. 

Cal. 

45.00 

0.042 

0.325 

Obs. 

Cal. 

60.00 

0.062 

0.370 

61.70 

0.0785 

0.401 

84.00 

0.114 

0.518 

84.  GO 

0.130 

0.474 

92.20 

0.334 

0.649 
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Velocity  of  Water  Current  Average  weight  of  Ore        Average  leisl  diameter  of  Ore 

in  mm.  per  second.  Grain  in  mgs.  Grain  in  mm. 

Cal.  Obs. 

92.30  0.318  0.G39 

100.40  0.358  0.665 

104.50  0.372  0.G73 

106  00  0.396  0.687 

120.40  0.445  0.714 

133.00  0.494  0.740 

146.00  0  557  0.770 

161.00  0.637  0.805 

174.20  0.660  0.815 

The  foregoing  table  is  represented  graphically  in  the  annexed 
diagram  by  full  round  dots. 

Pernolet's  experiments  show  that  the  co-efficient  a,  in  the 
formula  v  =  or -[/Density  —  1 1  d,  where  v  =  velocity  and  d  =  di- 
ameter of  grain,  varies  with  the  form  of  the  grain.  A  reduction 
of  his  work  gives  the  following  values  for  a: 

Flat  bodies  falling  flatwise a  =     41 

Average  value a  =     70 

Rejecting  highest  and  lowest ....«=      73 

Pyriform  grains ...    a  =     79 

Rounded  grains a  =     80 

Spheres a  =  130 

From  the  foregoing  it  is  seen  that  the  form  of  the  grain  has 
great  influence,  and  smooth  regular  curves  can  only  be  obtained 
by  averaging  a  great  many  grains. 

According  to  the  usual  formula  in  which 

Velocity  =  cq    Density—  1  |/Diameter 

Pernolet's  mean  value  of  a.  is  70  for  large  graius  of  ore  falling 
in  still  water.  This  value  multiplied  by  -|/ 2.645  —  1  =  1.285,  be- 
comes 90,  while  my  experiments  show  that  for  d  =  .65  to  .80 
mm.  a  =  141  to  satisfy  the  group  of  experiment-!  between  these 
limits.  This  may  be  due  to  some  difference  between  a  body 
falling  in  still  water  and  that  of  a  body  in  a  rising  current  of 
water.     As  a  check  upon  the  above  experiment  with  quarts 
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grains  in  water,  glass  balls  falling  in  glycerine  were  also  used. 
A  vertical  glass  tube  graduated  in  centimeters  50  centimeters 
long  and  23  mm.  bore,  provided  with  a  cock  below  to  draw  off 
the  balls,  was  filled  with  commercial  glycerine  that  had  pre- 
viously been  heated  to  expel  any  air  bubbles,  and  it  was  poured 
into  the  tube  while  hot  and  stood  over  night.  The  temperature 
of  the  room  during  the  experiment  varied  from  17  .8  C.  to  18". 5 
C.  The  glass  balls  were  made  from  glass  rods.  A  thread  was 
drawn  from  the  rod  and  a  button  formed  from  the  thread. 
After  breaking  off  the  thread  the  button  was  placed  in  a  small 
cavity  in  charcoal  and  heated  quite  hot.  This  insured  a  nearly 
round  ball.  The  diameters  were  taken  with  a  Brown  &  Sharpe 
micrometer,  each  ball  being  measured  in  several  directions  and 
the  mean  was  taken.  The  balls  were  allowed  to  drop  some  dis- 
tance before  taking  the  time,  after  which  each  50  mm.  was 
timed.  If  the  intervals  of  time  were  regular  the  experiment 
stood;  otherwise  it  was  varied  until  fairly  accordant  results 
were  found.  There  is  probably  more  doubt  about  the  balls 
being  perfectly  free  from  enclosed  air  bubbles  than  there  is 
about  the  velocities  or  diameters. 

TABLE  SHOWING  THE  VELOCITIES  OF  GLASS  BALLS  FALLING  IN  GLYCERINE. 

Velocity  of  the  falling  ball  in  mm. 

per  second.  Diameter  of  the  ball  in  m:u. 

10.08  2.63 

7.91  2.27 

6  43  1.96 

6.42  1.94 

4.36  1.48 

3.71  1.34 

3.42  1.22 

2.20  1.01 

1.33  0.79 

0.897  0.71 

0.611  0.534 

0.277  0.340 

The  above  results  are  shown  upon  the  annexed  diagram. 
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DISCUSSION    OF    THE    DATA. 

The  simple  inspection  of  the  diagrams  shows  that  the  old 
formula  v=fd*  will  not  hold  in  this  case.  Therefore  in  seek- 
ing for  a  new  equation  it  is  necessaiw  to  take  into  account  some 
of  the  factors  that  have  been  ignored  in  the  earlier  attempts  at 
a  solution  of  the  problem.  I  conceive  that  the  prominent  fac- 
tors omitted  are  as  follows: 

a.  The  adhesion  of  the  molecules  of  liquid  to  each  other. 

b.  The  adhesion  of  the  liquid  to  the  immersed  body. 

c.  Temperature. 

A  body  that  is  wetted  when  withdrawn  from  the  water  will 
have  an  adhering  coat  of  water,  which  the  capillary  attraction  of 
the  water  below  cannot  wholly  remove.  Thus  if  a  wire  be  dip- 
ped vertically  into  water  and  slowly  withdrawn  the  surface  of 
the  water  near  the  wire  will  be  elevated  above  the  general  sur- 
face. Now  if  a  skin  of  water  of  some  thickness  is  supposed  to 
adhere  to  the  wire  in  the  water,  the  weight  of  the  adhering  wa- 
ter, combined  with  the  attraction  of  the  mass  below,  will  strip 
the  skin  to  that  depth  or  distance  from  the  surface  at  which  the 
adhesion  of  the  water  to  wire  equals  the  former  force.  There- 
fore it  is  a  reasonable  supposition  that  bodies  immersed  in  water 
have  a  larger  mass  of  adhering  water  than  when  the  same  ore  is 
lifted  out  of  the  water.  Coxe's  Weisbach,  page  1031,  says  that 
spherical  bodies  moving  in  water  or  air  have  a  volume  of  water 
or  air  attached  to  them  which  is  equal  to  .6  the  volume  of  the 
sphere.  This  seems  to  have  been  determined  from  pendulum 
experiments  and  has  been  confirmed  by  Bessel,  Sabine  and 
Bailly. 

The  general  formula  now  in  use  for  the  maximum  velocity  at- 
tained by  a  falling  body  in  water  is  v  =  a  \/ Density  --1  -[/Diameter, 
which,  omitting  constants,  may  be  written  v=f-\  Diameter;  but, 
as  the  platted  data  or  free-hand  curve  shows  that  from  0  to  .2 
mm.  the  curve  is  reversed,  some  other  factor  must  be  intro- 
duced. Hence  by  the  foregoing  reasoning  there  should  be  a 
constant  minimum  skin,  a  thicker  skin  that  is  stripped  away  in 
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some  manner  inversely  as  the  velocity  and  therefore  inversely  as 
the  diameter,  and  finally  these  terms  should  vanish  for  the  large 
diameters.     These  conditions  are  satisfied  by  writing 


a 


where  v  =  the  maximum  velocity,  b  the  constant  minimum  skin, 
c  a  general  constant  and  d  the  diameter  of  the  body,  a  =  co- 
efficient. 

For  the  glass  balls  in  glycerine  I  have  adopted 


v  = 


<"  +  io  +  2,5' 


which  satisfies  the  data  between   the  limits  in  a  very  striking 
manner. 

For  the  quartz  grains  in  water  the  data  does  not  admit  of  such 
nice  treatment,  and  a  modified  formula  is  suggested. 

$ 

v  =  270 


The  curves  shown  upon  the  diagrams  have  been  plotted  from 
the  above  formulae. 

Concerning  the  co  -  efficient  270  there  may  be  written 
gi/2.6i5—  1,  from  which  #=210  for  quartz  grains.  Rittin- 
ger's  value  for  spheres  of  quartz  is  v  =  207.2 yd  and  Cazin's 
v  =  212.3  ^  ' a  ;  but  as  angular  bodies  move  slower  than  spheres, 
I  think  the  value  of  210  is  too  high  for  large  bodies,  but  the 
difference  may  be  due  to  the  different  methods  of  experimenta- 
tion, viz.,  spheres  falling  in  still  water  and  ore  grains  suspended 
by  a  rising  current  of  water. 
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The  new  formula  shows  that  very  feeble  currents  of  water 
will  carry  away  the  finer  grains  of  ore  and  readily  explains  why 
such  a  heavy  body  as  mercury  is  so  easily  floured  and  swept 
away. 
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MINUTES  OF  MEETINGS. 

REGULAR    MEETING. 

January  Gth,  1888. 

In  the  absence  of  the  President  and  Vice-President,  Mr.  E.  J. 
Molera  was  selected  as  Chairman. 

F.  Gutzkow  read  a  paper  "  On  Comparison  between  the 
French  and  Californian  Methods  of  Manufacturing  Salt  from 
Sea  Water." 

G.  W.  Percy  read  a  paper  on  "  Practical  Applications  of  Iron 
and  Concrete  to  Resist  Transverse  Strains." 

The  report  of  the  Nominating  Committee  was  received,  as 
follows: 

San  Francisco,  Jan.  Gth,  1888. 
Officers  and  Members  of  the 

Technical  Society  of  the  Pacific  Coast: 

Gentlemen — Your  Nominating  Committee  begs  leave  to  sub- 
mit to  you  the  following  ticket,  prepared  for  the  purpose  of 
electing  the  proper  officers  of  the  Society  for  the  ensuing  year: 

For  President — Mr.  Marsden  Manson. 

For  Vice-President — Mr.  E.  J.  Molera. 

For  Secretary — Mr.  Arthur  F.  Price. 

For  Treasurer — Mr.  E.  L.  Eansome. 

For  Board  of  Directors — Messrs,  W.  Vv7.  Hanscom,  H.  C. 
Behr,  W.  G.  Raymond,  L.  J.  LeConte  and  E.  C.  Burr. 
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A  letter  from  Mr.  E.  J.  Molera  is  herewith  submitted,  in  which 
he  states  that  under  certain  circumstances  he  would  cheerfully 
consent  in  serving  tbe  Society  in  any  capacity. 
Very  respectfully, 

F.  Gutzkow,   ~\ 

G.  W.  Percy,   >-  Committee. 
A.  d'Erlach,    ) 

Otto  von  Geldern,  Sec.  of  Com. 


ANNUAL    MEETING. 

January  27  th,  1888. 

In  the  absence  of  President  and  Vice-President,  Mr.  E.  J. 
Molera  was  elected  Chairman. 

Messrs.  Van  Geldern  and  Keitb,  who  were  chosen  to  count 
the  ballots,  reported  thirty-five  votes  cast  for  the  following  offi- 
cers for  I81S8 : 

President,  Marsden  Manson,  34  votes;  Vice-President,  E.  J. 
Molera,  34  votes;  Secretary,  Arthur  F.  Price,  35  votes;  Treas- 
urer, E.  L.  Ransome,  35  votes.  Directors — H.  C.  Behr,  35  votes; 
W.  G.  Raymond,  35  votes;  L.  J.  LeConte,  35  votes;  E.  C.  Burr, 
35  votes;  L.  Wagoner,  8  votes;  F.  Gutzkow,  3  votes. 

Treasurer  Manson  made  a  report  of  the  condition  of  the 
finances,  and  the  meeting  adjourned. 


REGULAR    MEETING. 

February  3d,  1888. 
Owing  to  the  proximity  of  the  Annual  Meeting,  the   Society 
did  not  meet  in  February. 


REGULAR    MEETING. 

March  2d,  1888. 

President  Manson  in  the  chair. 

A  paper  prepared  by  Mr.  Luther  Wagoner,  "On  the  Maximum 
Velocity  Acquired  by  Small  Bodies  Falling  in  Water  and  Gly- 
cerine," was,  in  the  absence  of  the  author,  read  by  the  Secre- 
tary. 


42  Minutes  of  Meetings. 

An  informal  discussion  on  the  subject  of  oils  was  participated 
in  by  Messrs.  Manson  and  Percy. 


REGULAR    MEETING. 

April  6th,  1888. 
President  Manson  in  the  chair. 

Mr.  E.  C.  Burr  gave  an  interesting  description  of  a  stoppage 
which  had  occurred  in  the  drain-pipes  at  his  residence  in  this 
city.  Various  remedial  agencies,  and  amongst  them  a  pump 
and  the  inevitable  plumber,  were  tried,  but  no  relief  was  expe- 
rienced until  a  strong  solution  of  caustic  potash  was  used,  after 
which  the  water  ran  freely.  Mr.  Burr  obtained  from  the  pipes 
some  thirty-one  feet  of  a  tough,  jelly-like  fungoid  growth,  and 
this  it  was  that  had  caused  the  trouble.  This  growth  is  renew- 
ed after  a  time,  necessitating  occasional  applications  of  caustic 
potash.  If  the  fungoid  material  is  placed  in  a  bottle  it  will 
grow  indefinitely.  Mr.  Burr  believes  the  growth  to  be  occa- 
sioned by  the  decomposition  of  fatty  acids,  and  its  life  to  be 
sustained  by  the  current  of  air  which  flows  up  through  the 
pipes. 

Mr.  A.  F.  Price  presented  a  few  practical  experiments  show- 
ing simple  tests  for  the  detection  of  adulterations  in  oils,  based 
on  the  characteristic  cohesion  figures  formed  by  various  oils 
when  dropped  carefully  on  the  surface  of  water  contained  in  a 
large  dish.  Pure  and  adulterated  oils  wei'e  shown,  and  the 
identity  of  each  was  readily  recognized. 

Mr.  Marsden  Manson  exhibited  to  the  Society  a  series  of 
charts  issued  by  the  United  States  Signal  Office  at  Washington, 
showing  the  course  of  the  late  storm  which  traversed  two-thirds 
of  the  globe. 

This  meeting  falling  within  a  few  days  of  the  fourth  anniver- 
sary of  the  formation  of  the  Society,  the  members  adjourned  at 
its  conclusion  to  a  neighboring  restaurant,  where  a  few  hours 
were  pleasantly  employed  in  the  discussion  of  matters  not  tech- 
nical. 
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REGULAR    MEETING. 


May  4th,  1888. 
In  the   absence  of   a  quorum,  the  meeting  was  not  called  to 
order. 


REGULAR    MEETING. 

June  1st,  1888. 

President  Manson  in  the  chair. 

Mr.  John  D.  Isaacs  was  elected  a  member  of  the  Society. 

Mr.  N.  S.  Keith  read  a  paper  on  the  "Desilverization  of  Lead 
by  Electrolysis,"  after  which  Mr.  A.  d'Erlach  gave  a  lucid  de- 
scription of  the  new  cruiser  "Charleston,"  now  being  con- 
structed in  this  city. 

By  a  vote  of  the  Society,  the  Directors  were  authorized  to  ar- 
range for  a  series  of  popular  lectures  on  scientific  subjects  dur- 
ing the  present  year. 
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THE   CALIFORNIA  GEYSERS. 
By  Thomas  Price,  M.  D.,  Mem.  Tech.  Soc 

Read  July  6th,  1883. 

The  object  of  this  paper  is  to  present  a  series  of  analyses  which 
I  have  made  of  samples  of  water  obtained  from  several  springs 
at  the  California  Geysers. 

The  Geysers  are  located  in  Sonoma  county,  sixteen  miles  east 
of  Cloverdale,  and  twenty-five  miles  northwest  of  Calistoga, 
from  both  of  which  points  they  are  approached  over  roads 
abounding  in  romantic  mountain  scenery. 

The  volcanic  phenomena  are  exhibited  at  various  points,  cov- 
ering an  area  of  something  like  four  hundred  acres,  although 
the  seat  of  greatest  activity  is  confined  to  a  narrow  canon  com- 
prising about  sixty  acres.  Scientific  authorities  are  unanimous 
in  declaring  that  the  phenomena  observed  here  are  not  those  of 
true  geysers,  but  rather  of  what  are  known  as  fumaroles. 

Most  of  the  springs  are  located  on  the  north  side  of  Pluton 
river,  into  which  the  greatest  part  of  them  empty  their  waters. 

These  springs  have  a  perennial  flow,  and  the  volume  of  water 
issuing  from  them  all,  at  temperatures  varying  from  100°  to  212° 
Fahrenheit,  is  not  less  than  100,000  gallons  per  day. 
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The  formation  of  the  surrounding  country  is  serpentine  and 
sandstone,  on  which  the  heated  gases,  free  hydrochloric  and 
sulphuric  acids,  and  carbonic  acid  gas,  issuing  from  the  springs, 
have  had  a  strong  disintegrating  action. 

The  ground  near  the  springs  is  hot  under  foot,  and  steam  is- 
sues from  innumerable  vents  and  cracks  in  large  quantities. 

At  many  points  where  the  fumaroles  have  died  out,  deposits 
of  sulphur  and  cinnabar  are  found  in  considerable  quantity. 

In  the  immediate  neighborhood,  quicksilver  mines  have  been 
opened,  and  a  few  years  ago  were  quite  extensively  worked. 
Considerable  quantities  of  sulphur  have  also  been  extracted  for 
shipment  to  San  Francisco. 

For  many  years  this  section  had  a  great  reputation  among  the 
Indians  on  account  of  the  remedial  qualities  of  the  water,  and  a 
different  therapeutic  value  was  attached  to  each  spring,  one  in 
particular  being  known  as  the  "Eye-water  spring." 

The  alum  spring,  shown  in  the  table  of  analyses,  presents  sev- 
eral points  of  resemblance  to  the  Rockbridge  alum  springs  of 
Virginia,  which  are  extensively  used  for  bathing  and  drinking 
purposes,  and  have  been  highly  endorsed  by  leading  medical 
authorities.  The  name  "alum  spring,"  however,  as  popularly 
applied  to  springs  of  this  character,  is  a  misnomer,  as  they  are 
really  aluminous  sulphated  chalybeates. 

The  various  springs  showing  the  presence  of  free  sulphuric 
acid,  are  very  similar  to  the  well-known  acidulous  springs  in  the 
State  of  New  York,  which  have  long  enjoyed  a  great  reputation 
for  their  curative  powers. 

The  several  sulphur  waters  are  similar  to  others  found  on  this 
coast,  and  elsewhere  in  the  United  States  and  Europe. 

I  am  satisfied  that  the  value  of  these  wTaters  for  bathing  pur- 
poses will  meet  with  due  recognition  at  no  distant  day.  The 
great  volume  of  water  issuing  from  the  springs,  at  different 
temperatures,  will  enable  the  temperature  of  the  bath  to  be 
easily  controlled;  whilst  the  large  quantities  of  nearly  dry  steam 
which  are  given  off,  suggest  the  facility  with  which  a  series  of 
Russian  and  Turkish  baths  might  be  arranged. 

There  are  numerous  mud  baths,  with  temperature  varying 
from  70°  to  110c  Fahrenheit,  the  curative  powers  of  which,  in 
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rheumatic  and  cutaneous  diseases,  deserve  greater  recognition 
than  has  been  accorded  to  them  in  the  past. 

Uninviting  as  the  mud  bath  looks,  a  pleasant  sensation  super- 
venes when  the  first  disagreeable  feeling  caused  by  contact  with 
the  slimy-looking  ooze  has  passed  away. 

These  baths  bring  out  eruptions  more  readily  than  do  mineral 
waters,  as  well  as  increasing  the  activity  of  all  the  functions  of 
the  skin. 

A  more  detailed  study  of  the  therapeutic  properties  of  the 
various  springs,  cannot  but  lead  to  valuable  and  interesting  re- 
sults. 
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THE  MANUFACTURE  OF   MAGNESIA   FROM   SEA- 
WATER   IN    CALIFORNIA. 

By  F.  Guizkow,  Mem.  Tech.  Soc. 

Read  August  3d,  1888. 

In  my  paper  on  "Salt-making  in  California,"  published  in 
No.  1,  Vol.  V.,  of  the  Transactions  of  this  Society,  I  wrote:  "  A 
portion  of  the  bittern  of  about  29°  B.,  is  utilized  for  making  car- 
bonate of  magnesium.  The  bittern  is  mixed  with  milk  of  lime, 
the  separated  hydrate  of  magnesium  washed  with  water  and  con- 
verted into  carbonate  by  furnace  gas." 

"When  I,  jointly  with  the  Union  Pacific  Salt  Company  of  this 
city,  erected  the  magnesia  works  referred  to  about  eight  years 
ago,  I  could  obtain  from  the  technical  literature  little  more  in- 
formation than  the  above  paragraph  yields.  I  knew  from  the 
patent  of  Pattinson,  who  invented  the  process  many  yeai*3  ago, 
that  the  carbonic  acid  gas  was  to  be  forced  into  closed  iron  cyl- 
inders, also  that  in  England  the  crude  material  was  dolomite, 
and  I  could  assume  that  the  cheap  sources  of  pure  carbonic  acid, 
that  is  chalk  and  otherwise  valueless  diluted  muriatic  acid, 
would  offer  to  the  English  manufacturer  a  better  material  than 
furnace  gas.  Whilst  gathering  experience  myself  I  readily  un- 
derstood from  the  numerous  unexpected  difficulties  encountered, 
why  the  published  descriptions  were  so  meagre.  Apparatus  and 
manipulations  being,  therefore,  of  independent  Californian 
growth,  a  description  will  perhaps  not  be  without  interest. 
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In  planning  the  works  it  was  out  of  question  to  employ  such 
costly  apparatus  as  air-compressors  and  closed  iron  cylinders. 
The  small  and  uncertain  market  of  this  Coast  for  magnesia 
allowed  only  cheap  plant  and  cheap  working.  If  the  waste  gas 
from  the  steam-boiler  which  furnished  the  power  could  not-  be 
utilized,  and  a  Root  or  Baker  blower  proved  insufficient,  the  pro- 
cess would  be  financially  a  failure.  The  price  of  magnesia  was 
inviting  enough.  The  powder  companies  paid  18  cents  a  pound. 
Our  competition  soon  lowered  the  price  to  10  cents.  Even  at 
that  figure  a  large  profit  was  required,  in  consideration  of  the 
small  sale.  The  article  previously  imported  from  England  was 
very  superior  and  difficult  to  equal. 

The  diagram  represents  a  section  through  the  plant  showing 
the  apparatus  in  one  continuous  line.  The  apparatus  consists, 
beside  steam-boiler,  blower,  engine,  steam  pumps  and  grinding 
mill  (the  last  three  not  shown  in  the  figure),  of  round  tanks  made 
of  redwood,  square  boxes  for  filtering  and  drying.  The  sheds 
are  in  the  primitive  Californian  style  too  familiar  and  plain  to 
need  or  iuvite  description.  The  marshy  soil  necessitated  an  in- 
dependent spacious  plank  foundation  for  every  large  tank  or 
heavy  piece  of  machinery.  The  connection  between  the  several 
tanks  hid  to  be  made  by  rubber  hose  interpolations.  When  one 
of  the  6,000  gallon  tanks  discharged  into  another  one  of  equal 
size,  the  empty  tank  rose  some  inches  while  the  one  just  filled 
sank  as  much.  Things  have  become  gradually  more  settled. 
The  actual  arrangement  is,  of  course,  less  regular  than  repre- 
sented in  the  diagram  because  some  parts  had  to  be  placed  near 
the  steam-boiler. 

PREPARATION    OF    THE    MAGNESIUM    HYDRATE. 

The  bittern  is  lifted  by  a  steam  pump  to  tank  (1).  This  red- 
wood tank,  12  feet  diameter  8  feet  high  of  3-inch  material,  holds 
6,000  gallons  and  costs  $100  in  San  Francisco.  The  peculiarity 
of  redwood  which  it  shares  with  other  wood  to  shrink  in  salt 
briue  makes  it  necessary  to  tighten  the  hoops  periodically  for 
several  months  before  the  tank  is  quite  tight.  No  further  diffi- 
culty is  then,  however,  found  in  that  respect.  The  bittern  as 
taken  from  the  ditch  is  of  a  reddish  color,  slimy  to  the  touch, 
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and  holds  in  suspension  much  earthy  and  organic  matter,  among 
which  are  innumerable  small  live  animals. 

My  paper  on  "  Salt-making,  etc.,"  gives  a  chemical  analysis. 
It  will  be  sufficient  to  state  that  it  contains,  or  rather  yields  with 
lime,  from  6  to  7  pounds  magnesia  (MgO)  per  cubic  foot. 
Filtering  is  out  of  question.  Of  the  several  devices  to  clear  the 
bittern  the  old  expedient  of  alum  was  found  to  be  the  best.  The 
impurities  rise  with  the  separated  alumina  to  the  surface.  The 
foam  shrinks  into  a  crust  by  heating  the  bittern.  This  crust  is, 
after  draining,  thick  enough  to  be  lifted  off  with  a  shovel. 
Nothing  sinks  to  the  bottom  and  the  bittern  is  water  clear  and 
without  color.  About  200  pounds  of  alum  are  required  for  the 
6,000  gallons  in  (1),  the  amount  varying  somewhat  according  to 
the  month  of  the  season.  A  previous  test  with  a  standard  solu- 
tion of  alum  easily  shows  the  weight  of  alum  required.  The 
foam  is  12  inches  thick  and  shrinks  into  3  inches  by  heating  to 
180°  F.,  and  to  1  to  2  inches  after  draining.  The  device  sketched 
in  the  diagram  worked  very  well.  It  consists  of  a  false  bottom 
of  beards,  nailed  on  two  cross  boards  into  a  disk  which  fits 
loosely  to  the  top  of  the  tapering  tank  and  leaves  small  inter- 
stices between  the  boards.  A  strong  planlc  is  fastened  across 
the  top  of  the  tank  and  braced  by  an  upright  scantling  set  into 
the  bottom  of  the  tank.  Two  other  uprights  are  fastened  to  the 
false  bottom  and  slide  in  square  holes  cut  into  the  plank.  Thus 
a  true  and  easy  up  and  down  of  the  false  bottom  is  secured. 
Holes  in  the  moving  uprights  an  I  pins  through  them  allow  to 
keep  the  contrivance  to  the  bottom  when  the  tank  is  empty,  or  to 
suspend  it  from  the  plank  when  the  tank  is  full.  When  the  tank 
is  empty  and  the  false  bottom  secured  to  the  bottom  of  the  tank 
in  the  manner  described,  the  alum  is  thrown  in  where  the  leaden 
steam  pipe  opens,  the  tank  filled  with  bittern,  steam  turned  on 
and  shut  off  after  the  desired  temperature  has  been  reached,  the 
pins  loosened  (which  causes  the  false  bottom  to  rise  to  the  top) 
and  placed  in  other  holes  in  the  uprights  above  the  plank.  Then, 
an  inch  or  two  of  the  clarified  bittern  is  allowed  to  run  into  tank 
(2).  Thus  the  scum  may  drain  and  can  be  shovelled  off.  An 
inch  or  two  of  water  added  sets  the  false  bottom  afloat  again, 
and  it  will  sink  again  to   the  bottom  when    tank  (1)  becomes 
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empty.  In  the  progress  of  experience  it  was  found  that  this 
manner  of  clearing  the  bittern  was  only  required  when  magnesia 
of  a  superior  quality  for  medical  purposes  was  to  be  made.  For 
the  bulk  of  magnesia  sold  as  an  absorbent  for  nitro-glycerine  a 
much  plainer  and  more  economical  way  of  applying  the  alum 
was  introduced  to  be  described  hereafter. 

Tank  (2)  serves  only  as  a  reservoir  for  the  clarified  bittern. 
Some  ]Darticles  of  scum  may  be  ladled  off  here  or  made  to  sink 
to  the  bottom,  the  outlet  of  the  pipe  connecting  with  tank  (3)> 
being  12  inches  above  the  bottom  of  (2).  The  bittern  having 
become  weaker  by  steam  and  water  and  being  of  varying 
strength  in  magnesia,  is  to  be  tested  for  its  percentage  of 
magnesia  so  that  the  workman  may  know  how  many  inches  of 
the  bittern  are  required  for  each  charge  of  lime,  the  latter  being 
a  constant  weight.  I  dilute  10  c.  c.  of  the  bittern  with  about  40 
c.  c.  water,  add  one  cubic  centimeter  of  a  standard  solution  of 
caustic  soda,  suck  with  a  pipette  a  sample  of  the  settled  liquid 
and  test  in  a  test-tube  with  another  c.  c.  of  the  soda.  If  still  a 
precipitation  of  magnesium  hydrate  takes  place,  the  test-tube  is 
emptied  into  the  original  solution,  aud  so  on.  As  only  approxi- 
mate determination  is  needed,  and  the  volume  of  standard  solu- 
tion which  can  be  given  with  safety  is  known,  this  test  is  suffi- 
ciently close  and  speedy.  Tank  (2)  being  of  the  same  dimen- 
sions as  (1)  holds  enough  bittern  for  a  week  or  longer. 

The  lime  is  slaked  in  (4),  which  is  6  feet  diameter  and  3  feet 
high,  and  placed  with  regard  to  tank  (3)  so  that  no  unnecessary 
lifting  of  the  lime  barrels  is  required.  The  lime  comes  from 
Santa  Cruz  in  barrels  of  about  200  pounds  net  and  costs  $1.25  a 
barrel  net.  It  is  of  superior  quality  and  gives  a  more  bulky 
milk  of  lime  than  the  lime  coming  over  Sacramento.  Ten  grains 
of  it  dissolve  with  muriatic  acid  to  a  clear  solution  with  a  small 
residue  of  heavy  sand.  The  solution  gave  with  ammonia  .040 
grains  of  mixed  alumina  and  ferric  oxide,  and  contained  only 
traces  of  sulphuric  acid  and  magnesia.  It  would  be  difficult  to 
find  a  purer  lime  anywhere.  Of  course  only  the  best  quality, 
consisting  of  picked  lumps  and  used  for  white  washing  can  be 
employed.  Ten  parts  of  hot  water  are  employed  for  one  part  of 
lime.     The  tank  is  filled  two  feet  high  with  water  of  180=  F.  and 
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1\  barrels  of  lime  thrown  in,  in  two  or  three  portions.  A  suita- 
ble cover  protects  the  workman  against  splashing.  The  water 
gets  at  once  into  violent  boiling.  The  milk  of  lime  is  stirred  as 
soon  as  boiling  ceases,  and  allowed  to  run  into  tank  (3)  which 
has  the  same  dimensions  as  (1)  and  (2),  to  within  2  inches  from 
the  bottom  of  (4).  More  water  is  run  into  (4)  to  dilute  the  re- 
maining slaked  lime  and  to  fill  (3)  up  to  a  certain  constant 
height.  Now  the  proper  amount  of  bittern  is  added,  the  tank 
(3)  filled  to  the  top  with  water  and  allowed  to  settle.  A  reasona- 
ble speed  and  pipes  of  liberal  dimensions  are  required  to  save 
time  and  prevent  separation  of  gypsum.  A  wooden  stirrer  turn- 
ing round  a  pivot  in  the  center  of  the  tank  (3)  is  used  and  turned 
by  hand,  as  a  good  mixing  in  a  tank  of  this  size  can  only  be 
reached  by  frequent  reversals  of  the  stirrer.  Several  large  fau- 
cets serve  to  run  the  liquid  off  as  soon  as  it  is  settled.  The  low- 
ermost faucet  is  21  inches  o?er  the  bottom  of  (3).  The  washing 
with  water  is  repeated  three  more  times.  To  recapitulate :  300 
pounds  of  lime  are  slaked  with  50  cubic  feet  water,  the  milk  of 
lime  diluted  with  50  cubic  feet  more  water;  40  to  50  cubic  feet 
bittern  added  containing  about  250  pounds  of  magnesia,  the 
whole  settling  into  200  cubic  feet  of  magnesia  pulp  and  600 
cubic  feet  of  solution,  which,  being  replaced  three  times  with 
pure  water,  brings  the  consumption  of  water  to  about  2,500 
cubic  feet,  or  775  parts  for  one  of  magnesia  (MgO).  The  prep- 
aration of  the  milk  of  lime  and  of  the  filling  of  the  first  tank  full 
takes  one  hour — settling,  emptying  and  recharging  three  hours. 
The  volume  which  the  magnesia  pulp  assumes  depends  on  the 
quality  of  the  lime  and  of  the  'dilution.  A  better  pulp — more 
light  and  uniform — is  obtained  by  running  the  bittern  into  the 
milk  of  lime,  than  vice  versa.  The  large  amount  of  water  re- 
quired might  be  lessened  by  using  the  last  two  washings  for  the 
first  of  another  operation  or  by  washing  oftener  with  less  water 
at  a  time.  The  pulp  contains  per  cubic  foot  about  one  pound 
of  MgO  as  magnesium  hydrate,  some  lime  and  gypsum,  both, 
owing  to  their  solubility  in  large  quantities  of  water,  less  than 
one  might  suppose  all  suspended,  and  most  of  the  organic  mat- 
ter in  bittern  or  water,  and  carbonate  of  lime  (about  6  per  cent, 
of   tbe   MgO),     The   carbonate   of   lime    is    formed    from    the 
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bicarbonates  of  soda,  lime  and  magnesia  in  the  water.  At 
our  works  the  water  is  obtained  from  an  artesian  well  only  a  few 
feet  distant,  is  quite  clear  but  contains  considerable  of  those 
bicarbonates.  The  washed  pulp  is  finally  run  off  into  the  reser- 
voir (5).  There  being  two  tanks  (3)  in  the  plant,  two  of  the 
operations  just  described  are  made  every  day,  three  barrels  lime 
used  and  400  cubic  feet  of  pulp  with  400  pounds  MgO  collected 
in  (5)  every  twenty-four  hours. 

CONVERSION    OF    THE    MAGNESIUM    HYDRATE   INTO    CARBONATE. 

The  chemistry  of  this  operation  presents  no  novelty.  Carbonic 
acid  gas  is  passed  through  the  pulp  of  magnesium  hydrate,  the 
solution  of  magnesium  carbonate  thus  obtained  is  settled  from 
the  undissolved  residue  and  is  heated  to  the  boiling  point,  when 
the  basic  carbonate  is  separated,  which,  after  drying,  yields 
"  magnesia  alba/'  the  commercial  article  which  contains  43  per 
cent,  magnesia,  36  carbonic  acid  and  21  per  cent,  water,  only 
slightly  varying  in  composition. 

A  different  plan  was,  however,  followed  when  the  works  were 
opened.  The  pulp  was  heated  to  120°  F.  during  the  carboniza- 
tion, the  temperature  finally  increased  to  180JF.,  and  the  pulp 
filtered  and  dried;  the  solution  itself  retaining  only  traces  of 
magnesia  was  run  to  waste.  Thus  the  6  per  cent,  of  carbonate 
of  lime  previously  referred  to  were  left  in  the  product  as  they 
were  supposed  not  to  interfere  with  the  use  as  an  absorbent. 
The  organic  matter  had,  of  course,  to  be  removed  by  the  aluni- 
nization  of  the  bittern  as  described.  This  process  was  much 
cheaper  than  the  one  finally  adopted;  the  carbonization  was 
rapid,  the  neutral  carbonate  (MgC033  ELO)  and  the  basic  com- 
pound formed  at  once,  the  former  was  converted  into  the  latter 
by  heating  to  180°  F.,  and  the  carbonic  acid  evolved  therefrom 
acted  on  particles  of  the  magnesium  hydrate  still  remaining.  In 
the  laboratory  as  well  as  on  the  large  scale,  the  magnesia  thus 
obtained  was  most  voluminous.  One  gram  of  the  sifted  magne- 
sia filled  18  c.  c,  whilst  English  magnesia  filled  only  9-10  c.  c. 
There  was  only  slight  difference  in  chemical  composition,  to-wit: 
a  deficiency  of  about  one  per  cent,  in  carbonic  acid  and  corre- 
sponding surplus  in  magnesia.     But  this  was  sufficient  to  de- 
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stroy  the  value  as  a  good  absorbent.  The  deterioration  was  less 
noticed  when  the  filtered  pulp  was  at  once  and  rapidly  dried, 
which  could  not  be  imitated  on  the  large  scale.  After  a  series  of 
worrying  experiments  when  all  combinations  of  time,  tempera- 
ture, division  of  pulp  were  tried,  not  to  mention  changes  of  ap- 
paratus, this  process  was  abandoned  for  that  which  I  shall  de- 
scribe now. 


The  pulp  of  magnesium  hydrate  is  lifted  by  a  pump  from  the 
reservoir  (5)  to  the  tank  (7),  which  serves  as  charging  tank  for 
the  carbonizer  (8),  and  is  mixed  during  pumping  by  a  rotary 
stirrer  in  (5),  driven  by  machinery.  The  apparatus  (8)[is  the  most 
important  of  the  whole  plant.  It  consists  of  a  round  tank  6  feet 
high,  7  feet  diameter  at  the  top  and  6  feet  2  inches  at  the  bot- 
tom. A  copper  pipe  of  6  inches  diameter,  which  opens  into  a 
conus  of  12  inches  diameter  at  the  base,  leads  the  blast  to  Avithin 
two  inches  from  the  bottom.  Here  the  blast  spreads  underneath 
a  false  bottom  of  sheet-copper  perforated  with  holes  of  one- 
sixteenth-inch  diameter,  one  hole  per  square  inch.  This  false 
bottom  has  6  feet  diameter,  and  rests  partly  on  the  flange  of  the 
blast-pipe,  partly  on  wooden  strips  2  inches  high,  which  spread 
radially  over  the  tank  and  partly  on  similar  strips  nailed  along 
the  circumference  of  the  tank.  The  copper  sheet  is  divided  into 
eight  segments,  which  are  kept  in  position  against  the  blast, 
which  tendjj  to  lift  them,  by  the  wooden  braces  (a).  These 
braces  are  placed  radially  to  the  tank  so  as  to  cover  the  joint 
between  two  segments  which  rest  here  on  one  of  the  wooden 
strips  mentioned  previously.  A  recess  chiseled  into  the  staves 
of  the  tank  holds  one  end  of  the  brace.  The  other  end  is  held 
by  a  wooden  wedge  which   is  driven  through  the  eye  of  an  eye- 
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bolt  screwed  into  the  tank  bottom.  A  hole  through  the  brace 
allows  the  eye  of  the  bolt  to  pass  so  that  the  brace  can  be  lifted 
off  the  copper  sheet  and  pulled  out  of  the  recess  in  the  tank 
staves  when  the  wedge  has  been  knocked  away.  The  tank  is 
filled  with  the  magnesia  pulp  only  two  feet  high,  but  is  made 
six  feet  high  and  tapering  in  order  to  retain  the  copious  foam 
which  is  gradually  generated  in  the  process  of  carbonization. 
The  solution  obtained  is  not  bicarbonate  of  magnesia,  as  might 
be  supposed,  but  sesquicarbonate,  with  three  equivalents  of 
carbonic  acid  for  two  of  magnesia.  Neither  is  it  possible  to 
obtain  in  the  laboratory  under  similar  circumstances  (that  is,  by 
sucking  the  cooled  gas  from  a  Bunsen  burner  with  admixture  of 
air  through  the  pulp  by  means  of  a  Bunsen  vacuum  pump)  a 
solution  of  bicarbonate,  be  the  operation  ever  so  long  continued. 
Neutral  carbonate  of  magnesia  will  be  precipitated  in  compara- 
tively large  and  hard  crystals,  which  are  very  slow  in  redissolviug, 
and  adhere  tenaciously  to  glass,  wood  or  metal.  The  tank  (8)  be- 
comes gradually  lined  with  a  crust,  one  or  more  inches  thick  at 
the  end  of  the  season  of  sis  months,  and  the  holes  in  the  false  bot- 
tom become  clotted,  necessitating  a  cleaning  of  the  copper  sheet 
at  least  once  a  week.  Therefore,  the  construction  in  segments  and 
the  described  contrivance  for  securing  them,  which  I  can  recom- 
mend for  similar  operations  as  substantial,  cheap  and  effectual. 
The  copper  segments  are  cleaned  by  placing  them  into  a  tank 
filled  with  diluted  sulphuric  acid.  Stop-cocks,  faucets,  coup- 
lings and  other  brass  implements  are  cleaned  in  the  same  way. 
Iron  pipes  are  employed  in  lengths  not  over  four  feet,  are  un- 
screwed and  placed  into  the  boiler-fire.  ■  The  steam  generated 
from  the  hydrated  salt  causes  the  crust  very  soon  to  shoot  out 
as  a  powder  with  a  noise  like  a  pistol  shot. 

The  blast  is  furnished  by  a  Baker  blower,  No.  2,  from  the 
products  of  combustion  of  the  boiler-tire.  The  blower,  which 
delivers  theoretically  seven  cubic  feet  per  revolution,  makes  120 
to  150  revolutions  per  minute,  and  is  driven  by  a  horizonal  en- 
gine working  with  8  to  10  horse -power.  The  boiler,  which 
generates  all  the  steam  required  in  the  establishment,  is  of  the 
usual  locomotive  pattern,  3  feet  4  inches  diameter  and  16  feet 
long;  steam  pressure  60  to  80  pounds. 
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The  fuel  is  gas  coke  of  very  poor  quality,  with  15  per  cent, 
ash,  which  clinkers  on  the  grate.  Sometimes,  too  rarely  indeed, 
the  low  price  of  $10  to  $11  for  the  "  long  "  ton  of  English  coke 
allows  the  use  of  the  superior  fuel.  Anthracite  is  less  adapted, 
as  it  springs  into  small  pieces.  The  worst  fuel  is  a  mixture  of 
English  coke  and  gas  coke,  because  the  high  heat  makes  the 
clinkers  melt  and  choke  the  grate.  A  large  and  unobstructed 
grate  is  essential  for  yielding  a  gas  of  desirable  quality.  For 
the  rest,  the  method  of  firing  or  construction  of  the  boiler 
furnace  does  not  differ  from  the  ordinary  practice.  An  iron  pipe 
9  inches  diameter  branches  off  the  iron  smokestock  and  connects 
with  the  blower,  and  the  communication  with  the  main  stack 
can  be  shut  off  immediately  above  the  branch  pipe  by  a  circular 
damper  within  easy  reach  of  the  engiueer.  The  blower  furnishes 
just  enough  draught  to  raise  the  steam  required  for  the  machin- 
ery. When  the  damper  is  open  the  draught  under  the  grate 
increases  sufficiently  to  raise  steam  for  the  heating  of  the  differ- 
ent liquids.  I  never  observed  a  deterioration  of  the  gas  by  dilu- 
tion with  air  sucked  downwards  through  the  smoke-stack. 

The  gas,  as  I  call  for  the  sake  of  brevity  the  products  of  com- 
bustion of  the  coke  mixed  with  more  or  less  free  air,  is  too  hot 
to  go  at  once  to  the  blower.  Besides,  it  was  desired  to  utilize 
its  heat  for  drying  magnesia,  allowing  at  the  same  time  the  ashes 
to  settle.  The  branch  pipe  from  the  boiler  stack  enters  a 
wooden  box,  the  wood  being  protected  from  the  heat  by  roofing 
tin,  and  in  the  hottest  parts  by  cement  tiles  one  inch  thick.  I 
relied  on  the  nature  of  the  gas  which  could  not  support  combus- 
tion, and  was  not  disappointed,  as  the  woodwork  stood  well  and 
never  caught  fire,  although  I  will  not  deny  that  in  the  beginning 
I  felt  very  nervous  on  that  score.  The  box  was  one  foot  high, 
and  covered  with  sheets  of  galvanized  iron  7  feet  long,  2  feet 
wide,  and  was,  consequently,  7  feet  wide  itself.  The  strong 
pulsations  of  the  blower  made  it  necessary  to  fasten  every  sheet 
separately,  which  was  achieved  by  bending  the  four  edges  of 
the  sheet  so  that  a  pan  one  inch  deep  was  formed;  turning  this 
pan  bottom  up  and  caulking  the  bended  strips  into  recesses 
made  in  the  wooden  planks  which  every  two  feet  partitioned  the 
long  box  into  chambers  with  alternating  communications.     The 


58  Gtitzkoit'  on  the  Manufacture  of  Magnesia. 

whole  forms  a  flat  table  of  galvanized  iron  with  no  obstruction 
whatever,  no  rivet  or  bolt  having  been  used,  and  it  never  gave 
trouble.  As  a  dryer,  however,  it  gave  less  satisfaction  than  the 
similar  steam  dryers  to  be  described  later  on.  If  I  had  to  make 
it  over  again,  I  would  make  the  bos  only  one  inch  high,  with- 
out any  partitions,  and  collect  the  ashes  elsewhere.  Of  course, 
it  would  be  also  better  although  less  cheap,  to  construct  it  of 
cast-iron  plates  instead  of  wood.  For  further  cooling  the  gas 
had  to  pass  through  a  battery  of  sixty  gas  pipes  1  inch  diameter, 
12  feet  long,  placed  in  a  horizontal  bos  filled  with  water,  a  rather 
troublesome  contrivance,  as  some  tar  or  similar  substance  dis- 
tilled from  the  coke,  and  cemented  with  ashes  made  a  deposit  in 
the  pipes  difficult  to  remove.  It  is  remarkable  that  this  deposit 
contains  sometimes  boracic  acid. 

The  unstableness  of  the  solution  of  sesqui-carbonate  of  mag- 
nesia makes  quick  working  imperative.  Neither  in  the  laboratory 
nor  on  the  large  scale  was  it  found  advantageous  to  prolong  the 
current  of  gas  more  than  one  hour.  In  the  laboratory  the 
strength  of  the  solution  obtained  averaged  10  grin,  carbonic 
acid  and  6  grm.  magnesia  per  liter,  on  the  large  scale  4  to  5 
grm.  magnesia.  The  difference  is  entirely  due  to  the  insufficiency 
of  the  blower,  as  results  approaching  the  laboratory  results  were 
no  rarity,  especially  at  the  start  when  the  blower  was  in  better 
condition.  A  liberal  excess  of  magnesia  over  the  amount  which 
can  be  dissolved  being  necessary,  the  normal  strength  of  the 
pulp  in  the  carbonizer  (8)  has  been  settled  at  one-third  pound 
magnesia  (MgO)  per  cubic  foot,  or  20  pounds  for  the  charge  of 
60  cubic  feet.  Strength  of  pulp  and  of  solution  are  ascertained 
by  measuring  100  c.  c.  of  either  into  a  flask,  adding  litmus  and 
so  many  whole  cubic  centimeters  of  a  standard  solution  of  sul- 
phuric acid  until  the  red  color  appears.  The  strength  of  this 
standard  solution  is  so  that  10  c.  c.  neutralize  100  c.  c.  of  the 
normal  pulp.  The  charge  of  60  cubic  feet  of  normal  pulp  is 
prepared  in  (7).  One  cubic  foot  of  the  pulp  in  (5)  holding,  as 
stated  before,  one  pound  of  magnesia,  is  to  be  diluted  with  two 
cubic  feet  of  water.  Each  charge  of  20  pounds  magnesia  or  20 
cubic  feet  of  pulp  draws  consequently  about  two  inches  from  the 
reservoir  (5).     A  suitable  gauge,  which  is  occasionally  changed 
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according  to  the  unavoidable  small  variations  in  the  pulp,  ar- 
riving in  (5)  informs  the  engineer  when  to  stop  pumping  into  (7). 
The  water  required  comes  from  the  water  tank  (6),  and  is  shut 
off  by  a  stop  with  float  attached  when  the  proper  level  is  reached. 
By  lifting  a  large  valve  the  contents  of  (7)  may  be  discharged 
into  (8)  in  half  a  minute  or  less,  the  valve  stem  meanwhile 
preventing  the  float  from  opening  the  water  supply  before 
it  is  wanted.  Each  charge  of  60  cubic  feet  of  normal  pulp 
remaining  one  hour  in  the  carbouizer  (8),  there  are  made  20 
charges  in  24  hours  (allowing  four  hours  for  charging,  meal  time 
of  the  engineer,  etc.)  and  required  400  cubic  feet  pulp  and  800 
cubic  feet  water.  Charging  and  discharging  is  done  without 
stopping  the  blower. 

The  carbonized  solution  is  run  off  into  the  settler  (9),  which 
is  a  plain  tank  4  feet  high  8J  feet  diameter,  with  a  row  of  brass 
faucets  to  draw  the  solution,  settled  in  different  heights,  into 
the  boiling  tank  (10).  There  is  no  difficulty  in  obtaining  a  water- 
clear  solution  in  (9)  when  the  normal  pulp  was  either  faultily 
prepared  or  improperly  carbonized  ;  for  the  voluminous  mag- 
nesium hydrate  has,  like  the  alumina,  although  in  a  smaller  de- 
gree, the  power  of  retaining  suspended  and  organic  matter.  An 
undue  excess  of  magnesium  hydrate  is,  however,  forbidden,  be- 
cause it  abstracts  from  the  solution  carbonic  acid.  Such  loss  is 
much  more  serious  than  the  loss  of  magnesium  hydrate  itself. 
In  a  properly  worked  charge  the  remaining  hydrate,  which  con- 
sists only  of  the  coarsest  particles  which  the  pulp  contained  is 
not  sufficient  to  clear  the  solution,  but  it  will  do  so  on  addition 
of  alum.  Each  charge  in  the  carbonizer  receives,  therefore,  a 
pound  of  alum  some  minutes  before  discharging,  an  important 
improvement  on  the  original  method  of  applying  alum  as  de- 
scribed above.  The  time  of  settling  varies  but  never  exceeds 
one  hour;  that  is,  there  is  always  abundant  room  in  the  settler 
as  the  freshly  carbonized  charges  arrive  from  (8).  The  sediment 
from  the  1,200  cubic  feet  of  normal  pulp  is  about  25  cubic  feet, 
is,  after  a  little  stirring,  fluid  enough  to  run  through  a  funnel 
pipe  of  two  inches  diameter,  and  is  run  off  every  24  hours,  but 
ought  to  be  removed  oftener,  as  the  reducing  action  of  the  sedi- 
ment increases  with  the  accumulation  of  magnesium  hydrate 
from  so  many  charges. 
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The  boiling  tank  (10)  is  6  feet  high  8h  feet  diameter.  Steam 
is  admitted  through  an  iron  nozzle  with  one  quarter  inch  open- 
ing, which  enters  at  such  an  angle  as  to  produce  a  rotary  motion 
in  the  contents.  This  rotary  motion  turns  a  light  circular  stirrer, 
which,  moving  close  to  the  bottom,  prevents  the  settling  of  the 
separating  magnesium  carbonate  in  the  center,  as  long  as  steam 
enters.  Steam  can  also  be  admitted  by  a  perforated  lead  coil. 
This  lead  pipe  is  used  only  when  the  temperature  has  reached 
200°  F.,  when  clogging  of  the  openings  by  incrustations  need 
no  longer  be  feared.  The  stirrer  can  also  be  turned  by  hand 
when  the  tank  is  being  emptied.  There  are  two  such  tanks  in 
the  plant,  each  holds  300  cubic  feet  of  the  settled  solution,  be- 
side the  increase  in  volume  due  to  heat  and  condensed  steam, 
and  has,  consequently,  to  work  each  charge  in  twelve  hours. 
The  manner  of  heating  the  solution  is  of  much  importance,  and 
the  tanks  are  therefore  provided  with  large  thermometers.  If 
the  temperature  is  rapidly  raised  to  the  boiling  point  the  sepa- 
rated magnesia  will  resemble  the  English  article,  smooth  to  the 
tongue,  soft  and  good  otherwise,  but  only  fair  in  absorbing 
power;  if  the  boiling  is  continued  the  product  becomes  inferior 
and  resembles  the  magnesia  produced  by  our  discarded  process 
previously  described.  Magnesia  of  the  greatest  absorbing  power 
is  obtained  by  heating  rapidly  to  160°  F.,  to  prevent  the  separa- 
tion of  the  neutral  carbonate,  and  very  slowly  to  200°  F.,  when 
the  temperature  may  again  quickly  rise  to  210°  F.  Then  the 
steam  ought  to  be  shut  off. 

Thus  I  obtained  batches  of  magnesium,  of  which  one  gram 
required  seven  grams  water  before  it  could  be  stirred  into  a  stiff 
pulp.  The  plant  having  been  erected  before  I  made  this  obser- 
vation, an  absorbing  power  for  four  parts  water  has  to  suffice, 
the  English  imported  article  absorbing  only  three  parts.  Allow- 
ance, however,  ought  to  be  made  for  the  deterioration  by  the 
long  sea  voyage.  A  highly  absorbing  magnesia  is  slightly  gritty, 
owing  to  its  crystalline  character,  and  the  lumps  formed  in 
drying  can  be  converted  to  powder  by  a  slight  pressure  of  the 
hand.  All  these  remarks  refer  only  to  solutions  prepared  as 
described.  Solutions  of  the  bicarbonate  saturated  in  cylinders 
under  more  than  atmospherical  pressure  may  act   differently. 
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The  settled  solution  can  be  run  off  one  hour  after  settling  com- 
menced. It  may  be  used  for  slaking  the  lime  or  heating  the 
boiler  feed  water,  and  contains  still  some  magnesium  carbonate, 
which  cannot  be  made  available  by  continued  boiling  except  by 
spoiling  the  quality  of  the  rest.  The  carbonate  in  the  pulp  itself 
is  suspended  in  fifty  times  its  weight  of  water,  each  tank  yield- 
ing about  150  pounds.  The  whole  yield  is  600  pounds,  with 
about  250  pounds  of  MgO  against  400  pounds  in  the  400  cubic 
feet  of  normal  pulp.  The  losses  are  1,  undissolved  magnesia; 
2,  magnesia  reduced  from  the  solution  during  settling;  3,  in- 
crustations in  (10);  and  4,  in  the  settled  solution  after  boil- 
ing. 

The  pulp  is  run  from  (10)  to  the  filtering  bos  (11).  This  box 
is  16  feet  long,  12  feet  wide  and  one  foot  high  over  the  false 
bottom,  which  is  formed  by  strips  of  wood  nailed  to  cross-strips 
fastened  to  the  true  bottom.  A  filter-cloth  is  spread  over  sides 
and  false  bottom.  The  pulp  is  run  on  a  sieve,  No.  40,  to  retain 
incrustations  and  other  accidental  coarse  impurities.  The  filter- 
ing presents  no  difficulties,  as  the  substance  filters  very  rapidly. 
A  filter-cloth  lasts  a  whole  season.  The  pulp  from  one  tank 
covers  the  filter-cloth  two  inches  high  after  the  filtration  is  fin- 
ished, retains,  therefore,  fully  12  parts  of  water  for  one  of  sub- 
stance. It  is  taken  from,  the  filter  by  iron  shovels,  wheeled  to 
the  steam  dryer  (12)  or  the  hot  air  dryer  (15),  and  dumped  on 
the  plates. 

DRYING,    GRINDING    AND    PACKING. 

The  drying  of  the  magnesia  is  one  of  the  most  important  parts 
of  the  process,  because  the  quality  of  the  product  is  not  stable 
until  it  is  ground  and  packed.  The  wet  pulp  retained  on  the 
filter  ought  to  go  to  the  dryers  while  still  warm,  and  ought  to  be 
dried  as  rapidly  as  possible.  All  attempts  to  withdraw  by  pres- 
sure or  suction  the  1200  per  cent,  of  water  retained  by  the  pulp 
resulted  in  spoiling  the  absorbing  power.  Drying  in  the  sun, 
for  which  the  California  climate  seemed  to  be  so  favorable,  was 
also  a  failure.  It  has  been  stated  before  that  the  hot  air  dryers 
were  only  moderately  effective.  An  oven  carefully  constructed, 
where  the  flame  circulates  through  iron  pipes,  and  the  magnesia 
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pulp  is  placed  in  pans  18x18x3  inches,  which  are  made  of  gal- 
vanized sheet-iron,  gives  also  only  indifferent  satisfaction.  The 
cheapest  and  most  reliable  apparatus  were  found  to  be  steam 
dryers,  for  which  the  steam  is  furnished  by  the  exhaust  from  the 
steam  engine  and  steam  pumps.  They  were  made  as  follows: 
A  table  or  platform  100  feet  long,  7  feet  wide,  was  constructed 
6  inches  above  the  floor,  of  tongned  and  grooved  pine  boards. 
Beams  of  pine  6x4  inches  were  placed  around  the  rim  so  as  to 
form  a  pan  6  inches  deep.  The  bottom  of  this  pan  was  lined 
with  another  floor  of  tongued  and  grooved  redwood  boards,  which 
covered  the  joints  of  the  original  floor.  A  beam  being  placed 
along  the  center  line  as  a  support  for  the  cover,  and  the  part  of 
the  pan  where  the  steam  enters  having  been  protected  with  iron 
sheets,  the  pan  was  covered  with  galvanized  sheet  iron,  No.  22 
(7x2  feet).  The  sheets  were  riveted  together;  the  whole  sheet, 
measuring  now  100  feet  by  7  feet,  was  turned  to  bring  the  flat 
foot  of  the  rivets  up  and  spiked  into  the  6x4  beams  with  20- 
penny  galvanized  nails.  Joints,  nails  and  rivets  having  been 
soldered  over,  some  4x2  scantlings  were  laid  along  the  rim  so 
as  to  form  a  pan  two  inches  deep  and  bolted  to  the  6x4  beams, 
etc.  There  are  two  such  dryers,  each  costing  $200,  and  yielding 
two  hundred  pounds  of  magnesia  in  twenty-four  hours.  The 
wet  pulp  is  dumped  from  wheelbarrows  in  such  distances  that 
the  pan  can  be  readily  covered  with  a  layer  one  inch  high. 
The  limited  amount  of  steam  at  disposal  makes  it  necessary  to 
reverse  the  current  of  steam  every  twelve  hours,  so  that  it  first 
passes  under  the  pan  containing  half  dried  material,  and  thence 
under  the  fresh  pulp,  thus  producing  perfect  condensation. 
The  pulp  stiffens  quick  enough,  and  the  1,200  per  cent,  of  water 
are  reduced  to  300  or  400  within  two  hours.  Afterwards,  how- 
ever, drying  proceeds  very  slowly,  because  a  cushion  of  dry 
magnesia  interposes  between  the  iron  and  the  still  wet  magnesia. 
No  further  shrinkage  or  cracking  takes  place.  It  will  be  readily 
understood  now  why  the  pulp  ought  not  to  be  spread  higher 
than  one  inch.  It  would  be  preferable  to  charge  the  pans  oftener 
rather  than  to  increase  the  thickness,  even  with  an  abundance 
of  steam.  When  cakes  are  to  be  made  for  medical  use  the  pulp 
is  ladled  into  square  frames  6x6x2  inches  of  galvanized  iron. 
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They  are  opeD  on  top  and  bottom  and  are  placed  on  strips  of 
cotton  cloth.  The  frames  can  soon  be  lifted  off  and  the  cakes 
handled.  As  this  kind  of  magnesia  requires  no  great  absorbing 
power  the  slower  drying  does  not  matter.  It  has  already  been 
said  that  for  this  magnesia  the  boiling  operation  has  to  be  slightly 
modified.  Otherwise  it  costs  about  as  much  to  make  this  kind 
as  the  other  one. 

The  dry  magnesia  is  shoveled  into  empty  lime  barrels  and 
dumped  into  the  hopper  of  the  mill.  Here  a  spiked  wooden 
cylinder  makes  two  hundred  revolutions  per  minute,  breaks  the 
lumps  and  feeds  into  the  mill  proper — a  kind  of  coffee  mill  turn- 
ing six  hundred  times  per  minute  by  a  horizontal  shaft.  The 
powder  is  elevated  by  a  bucket-conveyor  into  a  spacious  hopper, 
whence  it  is  filled  into  sacks  made  of  light  canvas.  Each  sack 
when  filled  and  compressed  stands  four  feet  high,  measures  three 
in  diameter,  and  weighs  150  pounds.  The  empty  sacks  get  re- 
turned, and  as  the  shipments  are  not  to  long  distances  this  way 
of  packing  is  preferable  to  barrels. 

There  are  employed  at  the  works  two  engineers,  one  for  day 
shift,  one  for  night  shift,  and  two  Chinamen,  of  whom  one  slakes 
the  lime  and  washes  the  pulp  of  magnesium  hydrate  whilst  the 
other  one  attends  to  drying  and  grinding.     The  expenses  are: 
2  Engineers  at  $2.50  and  board   $6  00 

2  Chinamen  at  $1 200 

20  barrels  coke  (3,000  lbs)  at  50  cts 10  00 

3  barrels  lime  at  $1.25 3  75 

20  lbs.  alum  at  2  cts 40 

Sundries 5  00 


$27  15 
Or  about  4|  cents  for  each  pound  of  the  600  pounds  of  magne- 
sia made  per  day. 

A  reduction  of  these  expenses  must  be  looked  for  in  extension 
of  plant  which  would  not  necessitate  a  corresponding  increase 
in  labor  or  fuel,  much  of  the  carbonic  acid  gas  escaping  now 
utilization  owing  to  the  insufficient  size  of  the  blower. 
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PROCEEDINGS 
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MINUTES  OF  MEETINGS. 

REGULAR    MEETING. 

July  6,  1888. 

President  Manson  in  the  chair. 

The  name  of  Mr.  V.  Weber,  recommended  by  Messrs.  Allardt, 
Morgan  and  Compton,  was  presented  for  membership;  and 
that  of  Mr.  P.  McG.  McBean,  recommended  by  Messrs.  Manson, 
Uhlig  and  Compton,  for  associate  membership. 

Mr.  Thomas  Price  read  a  paper  on  "  The  California  Geysers." 
The  discussion  subsequent  to  the  reading  of  the  paper  brought 
out  the  fact  of  the  remarkable  deficiency  of  Californian  waters 
and  soils  in  potash. 

Mr.  Keith  narrated  some  interesting  facts  connected  with 
safes  and  locks. 


REGULAR    MEETING. 


August  3,  1888. 

In  the  absence  of  President    Manson,  Mr.  Luther  Wagoner 
was  called  to  the  chair. 
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Messrs.  V.  Weber  and  P.  McG.  McBean  were  declared 
elected;  the  former  as  a  member,  and  the  latter  as  an  associate 
member  of  the  society. 

Mr.  F.  Gutzkow  read  a  paper  on  "  The  Manufacture  of  Mag- 
nesia from  Sea  Water  in  California.' ' 

This  meeting  was  one  of  the  most  largely  attended  in  the 
history  of  the  society. 
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Note.— This  Society  is  not  responsible,  as  a  body,  for  the  facts   and   opinions  advanced 
in  any  of  its  publications. 
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THE  COPPER  MINES  OF  RIO  TINTO,  SPAIN. 
By  Abthur  F.  Price.  F.  C.  S.,  Mem.  Tech.  Soc. 

Read  September  7.  1888. 

The  principal  property  of  the  Rio  Tinto  Company  is  situated 
near  the  village  of  Rio  Tinto,  in  the  province  of  Andalusia,  Spain, 
thirty-six  miles  N.  E.  of  the  port  of  Huelva— communication 
between  the  mines  and  Huelva  being  maintained  by  means  of  a 
narrow-gauge  railway  belonging  to  the  company. 

Abundant  evidence  exists  that  these  mines  were  quite  exten- 
sively worked  by  both  the  Romans  and  Moors,  and  in  the  present 
operations,  old  galleries  opened  by  these  early  miners  are  fre- 
quently encountered. 

Originally  the  property  of  the  Spanish  Government,  the  mines 
now  belong  to  an  English  company,  who  purchased  them,  it  is 
stated,  for  something  over  £3,000,000  sterling.  A  force  of  about 
4,000  men  and  children  find  employment  in  the  various  depart- 
ments, the  greatest  number  of  these  departments  being  under 
the  superintendence  of  Englishmen.  The  common  laborers  and 
minors  are  paid  forty  cents  a  day,  whilst  the  children  employed 
in  selecting  ore  and  loading  wagons  en  route  for  the  calcining 
ground  receive  ten  cents  for  every  five  tons  of  ore  they  handle. 
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The  English  employees  have  comfortable  houses  provided  for 
them  by  tbe  company,  but  the  native  laborers  inhabit  squalid 
huts  built  by  themselves. 

Three  extensive  copper-bearing  lodes,  known  as  the  South 
Lode,  the  San  Dianasio  Lode,  and  the  North  Lode,  exist  on  the 
property.  These  lodes  run  east  and  west,  and  the  South  Lode, 
at  its  widest  point,  measures  180  yards.  Tunnels  have  been 
driven  along  the  hanging  wall,  and  from  these  tunnels  galleries 
have  been  extended  and  connected.  On  a  portion  of  the  South 
Lode  the  top  ground  has  been  removed,  forming  an  immense 
open  cast  from  which  large  quantities  of  ore  have  been  removed. 
The  principal  copper  mineral  found  is  chalcopyrite,  but  tetrahe- 
drite  and  other  ores  also  exist. 

It  has  been  estimated  that  6,000,000  tons  of  copper-bearing 
mineral  exists  in  the  three  lodes,  which,  at  the  present  rate  of 
output,  gives  150  to  200  years  of  copper  in  sight. 

An  active  oxidizing  action  is  constantly  going  on  in  various 
parts  of  the  mine,  and  the  sulphate  of  copper  resulting  from  this 
reaction  is  leached  out  by  the  large  quantity  of  water  which  per- 
colates through  the  mine  during  the  rainy  season,  and  consti- 
tutes a  considerable  source  of  metallic  copper. 

Treatment  of  (lie  Ore. — The  ore  is  carried  from  the  mines  in 
large  wagons  drawn  by  locomotives,  and  dumped  onto  the  vari- 
ous selection-grounds.  A  large  quantity  of  mineral  carrying 
from  3%  to  3.5%  metallic  copper  is  shipped  to  various  points  in 
Great  Britain,  Germany  and  the  United  States,  where  it  is  first 
utilized  for  the  manufacture  of  sulphuric  acid,  and  the  copper 
subsequently  extracted  from  the  burnt  pyrites.  The  amount  of 
pyrites  thus  delivered  during  the  past  year  amounted  to  385,892 
tons,  from  which  was  obtained  7,920  tons  of  metallic  copper. 

The  richer  mineral,  carrying  7%  copper  and  over,  is  selected 
out  for  treatment  in  the  blast  furnaces,  as  are  also  minerals  rich 
in  galena  and  silica.  In  these  furnaces  the  ore  is  smelted  to  a 
regulus,  and  this  regulus  cast  into  moulds  and  shipped  to  Eng- 
land. 
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The  mineral  remaining  after  selection  has  about  the  following 
composition: 

Sulphur 48.00  % 

Iron 40.74  " 

Copper 3.42  " 

Lead 0.82" 

Lime 0.21  " 

Magnesia 0 .08  " 

Arsenic 0.21  " 

Silica  and  Insoluble 5.50  " 

Oxygen,  water  and  loss 1.02  " 

100.00  % 

The  coarser  lumps  of  this  material  are  carried  to  the  calcining 
ground;  the  "  smalls,"  or  finely-divided  mineral,  being  reserved 
for  subsequent  treatment. 

In  constructing  the  heaps  for  roasting,  a  ground-work  of 
rough  stones  or  large  lumps  of  ore  is  built  in  the  following 
form,  and  on  this  the  ore  is  piled: 


When  the  heaps  are  formed  they  are  lighted  by  means  of  a  log 
of  wood,  after  which  the  combustion  continues  of  itself. 
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During  this  operation  the  copper  sulphide  is  oxidized  to  the 
sulphate,  and  the  iron  converted  into  ferrous  and  ferric  salts, 
large  quantities  of  sulphurous  anhydride  being  given  off. 

So  great  a  nuisance  has  this  become  to  the  surrounding 
country  that  early  in  the  present  year  the  Spanish  Government 
issued  a  decree  suppressing  gradually  all  open-air  calcinations 
at  these  mines.  The  decree  requires  that  from  the  first  of  Jan- 
uary, 1889,  all  open-air  calcinations  shall  be  reduced  one-fourth; 
from  the  beginning  of  1890  by  one-half;  and  from  the  begin- 
ning of  1891  shall  cease  altogether.  The  company,  however, 
proposes  to  use  all  possible  measures  to  prevent  the  enforce- 
ment of  this  decree. 

To  complete  the  calcination  from  twelve  to  fourteen  months 
are  required,  after  which  the  material  is  carefully. examined,  and 
lumps  of  ore  in  which  the  copper  has  become  concentrated  are 
put  to  one  side  for  treatment  in  the  blast  furnaces.  The  calcined 
material  is  now  thrown  into  large  wooden  tanks  furnished  with  a 
false  bottom,  and  water  introduced.  At  the  expiration  of  twelve 
hours  the  water,  charged  with  sulphate  of  copper  and  iron  salts, 
is  drawn  off  and  fresh  water  introduced — this  being  repeated 
until  no  further  reaction  for  copper  is  obtained. 

The  copper  liquor  obtained  from  the  first  lixiviation  of  the 
calcined  material  is  too  strong  for  immediate  treatment,  and  is, 
therefore,  pumped  through  wood-lined  pipes  to  a  reservoir, 
whence  it  is  drawn  off  little  by  little  and  mixed  with  poorer  liq- 
uors. It  is  also  used  for  acting  on  the  "  smalls,"  mentioned 
above,  which  are  placed  in  tanks  without  previous  calcination, 
and  by  the  action  of  the  strong  liquor  yield  up  a  considerable 
percentage  of  their  copper  contents. 

The  calcined  material,  deprived  of  its  copper  by  lixiviation, 
serves  a  useful  purpose  in  rendering  it  possible  to  obtain  the 
copper  from  that  portion  of  the  "  smalls  "  not  treated  by  the 
first  liquors.  The  finely-divided  state  of  these  "smalls"  will 
not  admit  of  the  draught  necessary  in  the  calcination  of  ores; 
but  when  a  pile  is  constructed  of  alternating  layers  of  the  mate- 
rial left  after  lixiviation  and  of  "  smalls,"  a  reaction  occurs  after 
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a  lapse  of  time,  -whereby  the  copper  in  the  "  smalls  "  is  oxidized 
and  rendered  soluble  in  water.  The  cost  of  putting  the  copper 
from  what  would  otherwise  be  a  waste  material  in  a  merchant- 
able form,  and  on  the  English  market,  is  estimated  at  about  $100 
per  ton  of  copper  produced. 

The  copper  liquors,  from  whatever  sources  derived,  are  led 
into  long,  narrow  tanks  containing  bars  of  pig-iron,  old  rails 
and  iron  scraps,  arranged  so  as  to  admit  of  a  free  passage  for 
the  liquors.  The  partially  exhausted  liquor,  on  leaving  the 
tanks,  is  repeatedly  pumped  back,  passed  through  the  calcined 
ore,  and  through  the  tanks  again.  When  the  stream  has  run 
through  a  tank  for  from  fifteen  to  sixteen  days  it  is  diverted, 
and  the  tank  cleaned  out.  The  copper  is  now  found  precipi- 
tated on  the  iron  in  metallic  flakes,  and  is  easily  removed.  This 
precipitated  or  cement  copper  is  washed  with  dilute  sulphuric 
acid  to  remove  the  graphite  derived  from  the  iron,  and  to  elim- 
inate arsenic,  after  which  it  is  washed  with  clean  water  and 
spread  on  the  drying  floors.  The  unwashed  precipitate  contains 
about  76%  copper;  but  after  washing  and  drying,  contains  from 
94%  to  96%.  The  mud  remaining  in  the  tanks  frequently  contains 
about  8%  of  finely-divided  copper,  and  it  is,  therefore,  allowed 
to  settle  in  a  separate  vat,  the  water  drawn  off,  and  the  mud 
then  pressed  into  balls,  which  are  dried  in  the  sun  and  calcined, 
when  they  are  found  to  contain  from  18%  to  30%  of  copper.  The 
calcined  material  is  subsequently  treated  in  blast  furnaces. 

Experiments  have  been  made  with  a  view  of  dispensing  with 
calcination  by  utilizing  the  old  liquors  from  which  the  copper 
has  been  precipitated.  These  liquors  are  rich  in  iron  salts,  and 
by  passing  them  through  chlorine  towers  ferric  chloride  is  read- 
ily formed,  and  this  acting  on  the  raw  ore  places  the  copper  in  a 
soluble  form.  This  process,  however,  is  exceedingly  slow,  and 
has  not  been  extensively  employed. 

Further  experiments  have  been  made  by  introducing  the  cop- 
per liquor,  in  the  form  of  a  fine  spray,  at  the  top  of  a  large  tub, 
and  simultaneously  introducing  sulphuretted  hydrogen  at  the 
bottom.     This  process  was,  however,  a  failure,  as  the  precipita- 
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tion  was  slow,  and  the  precipitate,  when  obtained,  difficult  to 
deal  with. 

The  amount  of  metallic  copper  manufactured  at  the  mines 
during  the  past  year  amounted  to  17,813  tons,  making,  with 
that  reduced  from  the  pyrites  shipped  away,  the  total  product 
for  the  year  25,733  tons  of  metallic  copper.  The  pyrites 
extracted  from  the  mines  during  the  year  amounted  to  1,182,- 
438  tons,  enabling  the  company  to  declare  a  dividend  of 
£325,000,  or  10%.  During  1887  the  average  price  received  by 
the  company  for  their  copper  was  £48  per  ton;  but  under  exist- 
ing contracts  for  the  next  three  years  they  will  receive  an  advance 
on  this  of  some  £20  per  ton,  and  they  expect  to  produce  26,000 
tons  of  metallic  copper  per  annum.  This  will  make  the  annual 
profits  of  the  company  over  £500,000  per  annum. 
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NOTES  ON  THE   WALNUT  GROVE  DAM. 

By  Luther  Wagoner,  Mem.  Tech.  Soc. 

Read  October  5,  1888. 

This  dam  is  situate  on  Hassayarnpa  Creek  about  thirty-five 
miles  south  of  Prescott,  Arizona;  its  elevation  above  sea  level  is 
about  3,500  feet.  The  drainage  area  above  the  dam  is  390 
square  miles;  annual  rainfall  not  known,  but  supposed  to  average 
16  inches.  The  dam  was  built  to  store  water,  principally  for 
some  alleged  rich  placers  on  the  mesa  some  eighteen  miles  be- 
low the  dam.  Cattle  raising  and  irrigation  were  also  secondary 
considerations.  Some  pine  timber  growing  at  an  elevation  of 
6,000  to  8,000  feet  on  the  Bradshaw  Mountains  is  the  only  availa- 
ble source  of  lumber  supply,  but  the  quality  is  very  poor,  knotty 
and  unsound,  and  very  brittle. 

The  country  rock  at  the  dam  site  is  a  coarse-grained  granite, 
easily  quarried.  The  high  price  of  good  lumber,  cement,  and 
supplies  determined  the  choice  of  methods  of  construction. 

The  history  of  the  construction  of  the  dam  is  one  full  of  blun- 
ders, mainly  caused  by  the  officers  of  the  company  in  New  York. 
Work  was  commenced  on  company  account  by  Prof.  W.  P. 
Blake,  who  carried  a  wall  across  the  canon  to  bedrock  through 
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about  20  feet  of  sand  and  gravel.  What  his  intentions  were  to 
do  next  is  not  known,  as  no  records  were  made  or  kept  by  the 
company's  officers  at  the  dam.  He  was  succeeded  by  Col.  E.  N. 
Robinson  as  Chief  Engineer,  and  the  work  was  contracted  for 
by  Nagle  &  Leonard  of  San  Francisco.  I  presume  the  cross- 
sections  and  general  methods  of  construction  were  fixed  by  Mr. 
R.  Under  him  the  dam  was  commenced  in  the  rear  of  the  Blake 
wall,  and  was  described  in  the  specifications  as  being  composed 
of  front  and  back  walls  11  feet  at  the  base  and  4  feet  at  the  top, 
with  loose  rock  filling  between.  (Sae  fig.  2.)  The  dam  to  be 
made  water  tight  by  a  wooden  skin  or  sheathing. 

Quarries  were  opened  by  the  contractors  upon  both  banks  of 
the  sti'eam  above  the  top  of  dam.  "Coyote  "  holes  from  8  to  15 
feet  deep  were  charged  with  low  grade  powder  (4°  nitro  gly- 
cerine), and  the  stone  dislodged  in  large  amount.  These  holes 
usually  followed  the  intersection  of  two  fissures  at  an  acute  an- 
gle; sometimes  a  third  fissure  would  cross  the  others,  thus  form- 
ing a  triangular  hole  and  making  it  easy  to  remove  by  splitting 
the  small  triangle  of  rock.  The  stone  was  loaded  upon  cars, 
having  the  bed  inclined  at  about  15°,  and  were  lowered  on  the 
dam  by  a  bull-wheel  and  brake,  a  three  rail  railroad  being  laid 
on  trestle  across  the  dam,  height  from  10  to  15  feet.  On  the 
slope  midway  was  a  turnout  so  as  to  allow  the  loaded  car  to  pass 
the  empty  car.  The  loaded  car  was  unhooked  on  the  level  and 
run  out  and  dumped  and  returned  above  by  the  next  loaded  car. 
The  legs  of  the  trestle  were  left  in  the  wall,  only  the  caps  and 
stringers  were  raised.  During  the  first  stages  of  construction 
derricks  were  used  to  distribute  the  larger  stones;  later  the  cen- 
ter was  kept  high  and  the  stones  for  the  wall  were  moved  by 
bars.  The  effect  of  this  upon  the  stabilitj7  of  the  dam  is  bad  be- 
cause it  tends  to  form  curved  beds  whose  slope  makes  an  acute 
angle  with  the  direction  of  the  resultant  pressure. 

The  company  purchased  a  saw  mill  and  cut  the  lumber  for  the 
dam,  buildings,  etc.,  and  the  skin  was  put  on  by  contract. 

Cedar  logs  8  to  10  inches  in  diameter,  by  6  feet  long,  were 
built  into  the  wall  on  the  upper  face,  and  projected  out  one  foot. 
Vertical  stringers  6"  x  10",  of  native  pine,  were  bolted  to  the 
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logs;  the  stringer  were  about  4  feet  apart;  at  the  joints  of  the 
6  x  10  stringers  a  cedar  log  was  built  in  the  wall  about  twi> 
inches  above  the  top  of  the  stringers,  and  two  4  x  10  splice  pieces 
bolted  through  the  log  and  spiked  to  the  6x  10  pieces  with  gal- 
vanic boat  spikes,  completed  the  joint.  Upon  the  main  wall  of 
the  dam  a  double  planking  of  3-inch  boards  was  laid,  having  a 
tarred  paper  put  on  with  tacks  between  the  planks.  The  outer 
row  of  planks  was  caulked  with  oakum  and  painted  with  a  heavy 
coat  of  paraffiae  paint  (refiued  asphaltum,  or  maltha  dissolved 
in  carbon  bisulphide).  The  junction  of  the  plank  skin  and  the 
bed  rock  was  secured  by  Portland  cement. 

Through  the  dam  is  a  culvert  3x4  feet  inside  about  the  level 
of  the  old  creek  channel;  this  is  boarded  with  3-inch  plank  in- 
side and  has  a  gate  to  draw  off  the  water  and  waste  it.  (See 
fig.  1.) 

The  water  for  use  is  taken  into  an  inlet  tower.  (See  valve 
tower,  fig.  2.)  This  tower  is  built  of  8x8  inch  timber,  8  feet 
long,  notched  one-half  on  each  end,  secured  by  a  §  rod  through 
each  corner,  the  joints  caulked  with  oakum,  and  the  outside 
painted  with  paraffine  paint.  There  are  two  inlet  valves,  one  at 
the  base  of  the  tower  and  one  20  feet  higher.  The  valves  are  of 
wood,  sliding  upon  wood,  area  pressed  upon  about  15  square 
feet;  a  6-inch  square  wooden  stem  runs  up  on  the  outside  of  the 
tower,  and  above  the  platform  on  the  tower  where  the  mechanism 
is  placed  to  open  and  close  the  valves.  This  is  shown  in  fig.  3, 
where  A  and  C  are  pinions,  B  a  spur  wheel,  D  the  valve  stem, 
having  a  rack  on  the  side  next  to  C,  and  an  iron  plate  on  the 
side  E.  E  is  a  roller  to  hold  the  stem  in  position.  All  this  gear  is 
mounted  upon  a  massive  iron  bed-plate  resting  upon  a  wooden 
frame  upon  the  platform.  On  both  ends  of  the  shaft  A  is  a 
crank;  two  men  could  give  a  pull  on  the  valve  stem  of  about  700 
pounds  with  the  above  described  gear.  AVith  30  feet  of  water 
pressure  they  could  not  move  the  valve,  perhaps  for  the  reason 
that  the  load  to  overcome  was  about  15x30x62.4x40  %=11,232 
pounds.  The  machines  (three  of  them),  were  designed  by  one 
of  my  predecessors,  and  were  erected  despite  of  my  advice  that 
they  would  not  work.  The  reason  assigned  for  erecting  them 
was,  "they  were   designed    by   an    engineer   and    must  work." 
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From  the  valve  tower  the  water  is  conveyed,  in  two  20-inch  iron 
pipes  to  the  gate  house  below  the  dam  where  each  pipe  is  pro- 
vided with  a  gate.  The  pipes  go  through  a  tunnel,  part  of  the 
way  through  a  spur,  and  of  rubble,  arched  the  remainder  of  the 
way.  "With  70  feet  of  water  above  bed-rock  the  dam  leaked  141 
inches.  (1.6  cu.  ft  =1  inch.)  Various  theories  were  advanced 
for  the  cause  of  the  leak:  one  was,  that  settlement  of  the  dam 
had  forced  an  opening  of  the  junction  of  the  inclined  and 
horizontal  skins;  and  another  was,  that  it  leaked  all  over  the 
whole  surface.  The  extreme  right  hand  skin  below  the  bed 
of  the  stream  (fig.  2),  is  made  of  but  one  plank.  The  ma- 
chinery for  draining  the  water  was  inadequate,  and  the  men  who 
did  the  cementing  to  bed  rock  assured  me  that  they  worked  in 
four  feet  of  water,  and  that  they  did  not  go  to  bed  rock,  while 
per  contra  the  sub-contractor  (Whoop  'em  up,  Jack)  for  the  work 
assured  me  it  was  well  done.  The  probable  cause  of  leakage,  I 
believe,  is  all  three  of  the  reasons  named. 

Regarding  the  stability  of  the  tower  I  think  the  pressure  too 
great  upon  the  timbers  8"  x  8"  x  8'  to  be  safe,  and  of  the  dam  as 
originally  built  during  a  month's  interval,  when  there  was  no 
chief  engineer,  some  very  bad  work  was  done  (see  fig.  2), 
left  side  of  wall,  near  middle.  I  advised  the  company  to  cut  a 
large  waste  way  and  put  the  loose  rock  below  the  dam  to 
strengthen  this  weak  place. 

The  contract  for  the  dam  proper  was  for  46,000  cubic  yards, 
lumped  at  S2.40  per  cubic  yard.  The  skin  and  cementing  was 
extra.  Lumber  cost  about  $15  at  the  dam;  $2,000  freight  was 
paid  on  $1,C00  worth  of  cement  purchased  in  San  Francisco. 

Labor  was  quite  unreliable,  perhaps  owing  to  the  presence  of 
saloons  and  gambling  shops,  and  the  totally  inadequate  provi- 
sion made  for  the  comfort  of  the  men  by  either  the  company  or 
the  contractor.  This  coupled  with  the  intense  heat,  poor  water 
and  food,  did  not  offer  sufficient  inducements  to  attract  a  sober 
and  reliable  class  of  workmen,  a  point  too  often  overlooked  in 
the  construction  of  a  large  work. 
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TECHNICAL  SOCIETY  OF  THE  PACIFIC  COAST. 

Instituted  April,  1884. 


PROCEEDINGS 

(Volume  V.— No.  3.— 1888. 


MINUTES  OF  MEETINGS. 

REGULAR    MEETING. 

September  7th,  1888. 
President  Manson  in  the  chair. 

The  ballots  on  the  name  of  Mr.  Herrmann  Kower  were* 
counted  and  that  gentleman  declared  elected  a  member  of  the 
Society. 

Mr.  A.  F.  Price  read  a  paper  on  "  The  Copper  Mines  of  Rio 
Tinto,  Spain." 

Mr.  E.  J.  Molera  moved  that  a  committee  be  appointed  to 
draft  suitable  resolutions  in  memory  of  the  late  George  J. 
Specht,  which  being  duly  seconded,  Mr.  Manson  appointed  the 
following  committee:  E.  J.  Molera,  G.  F.  Allardt  and  F. 
Gutzkow. 


REGULAR    MEETING. 

October  5th,  1888. 
President  Manson  in  the  chair. 

Mr.  Luther  Wagoner  read  a  paper  on   the  "  Walnut  Grove 
Dam,  Arizona  Territory."     In  the   discussion  which   followed, 
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other   dams   were   described   by  Messrs.  Vischer,  Allardt   and 
Molera. 

Mr.  Luther  "Wagoner  stated  that  through  the  courtesy  of 
Lieut.  Gilmore,  U.  S.  Government  Inspector  of  Steel  for  the 
Cruisers  "Charleston"  and  "San  Francisco,"  he  would  soon 
make  a  series  of  tests  of  twisted  bars  of  iron  and  steel,  and  that 
the  results  of  his  experiments  would  be  duly  reported  to  the 
Society. 

The  committee  appointed  to  draft  suitable  resolutions  of  re- 
spect to  the  memory  of  the  late  George  J.  Specht  presented  the 
following: 

Members  of  the  Technical  Society  : 

In  compliance  with  a  resolution  passed  by  you  at  our  last  meeting,  the 
undersigned  have  the  houor  to  submit  the  following: 

Our  lamented  fellow  member,  and  ex- Vice-President,  George  J.  Specht, 
was  born  in  Eutin,  Holstein,  Germany,  on  the  19th  of  April,  1851,  and 
graduated  at  the  same  place  at  the  Gymnasium,  or  Latin  School. 

He  served  with  the  German  army  during  the  Franco-German  war,  and  at 
the  end  of  the  war  began  his  studies  in  civil  engineering,  graduating  at  the 
Polytechnic  School  at  Graz  in  1S74. 

His  practice  as  engineer  in  Europe  was  on  the  Austrian  X.  W.  R.  R.,  af- 
terwards on  the  Crown  Prince-Rudolf  R.  R.  in  1S75,  and  at  the  Gothard  R. 
R.,  in  Switzerland,  until  February,  1877,  when  he  came  to  California. 

He  arrived  in  San  Francisco  in  the  summer  of  the  same  year,  and  intro- 
duced the  system  of  copying  maps  and  drawings  by  the  Ferro  prussiate  or 
blue  process,  and  other  improved  methods  in  engineering  practice  used  in 
Europe,  and  but  little  known  here  at  the  time. 

His  first  engineering  work  in  America,  was  as  assistant  in  making  a  topo- 
graphical survey  of  the  Cooper  ranch,  in  the  Salinas  Valley,  and  in  that 
place  he  opened  an  office  as  Surveyor  and  Civil  Engineer. 

Soon  after  he  moved  to  San  Francisco  and  opened  an  office  together  with 
Messrs.  Allardt,  Von  Leicht,  and  other  civil^ngineers.  He  was  appointed  en- 
gineer of  the  Sutro  Tunnel  in  1879  to  1881,  when  he  returned  to  San  Fran- 
cisco, and  at  different  times  was  employed  as  engineer  of  the  Sutter  County 
Land  Company,  and  assistant   engineer  of  the  Spring  Valley  Water  Works. 

At  the  time  when  he  was  afflicted  with  the  malady  which  caused  his 
death,  he  was  assistant  in  charge  of  the  San  Diego  drainage  system  under 
Col.  Waring. 

Our  Society  is  specially  indebted  to  our  lamented  colleague  as  the  princi- 
pal promoter  and  founder  of  our  institution.  He  was  of  an  enthusiastic 
temperament,  and  had  the  magnetic  power  of  transmitting  it  to  others,  and 
owing,  mainly,  to  his  energy  and  perseverance  it  was  possible  to  gather  to- 
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gether  the  scattered  elements  that  in  a  new  and  busy  country  are  so  difficult 
to  join  in  a  social  pursuit. 

As  our  first  Chairman  -pro  tern.,  Vice-President,  and  member  of  the  Execu- 
tive Committee,  his  services  have  been  most  valuable,  and  we  all  remember 
with  pleasure  bis  directness  of  purpose,  absolute  integrity,  and  the  unselfish- 
ness with  which  he  discharged  the  duties  confided  to  him. 

Besides  his  practical  work  as  an  engineer,  he  always  endeavored  to  in- 
form himself  of  the  progress  made  in  the  several  engineering  branches  both 
on  this  continent  and  in  Europe,  and  contributed  several  valuable  papers  to 
our  Society,  and  scientific  journals  of  America  and  Europe,  making  much 
advance  in  the  engineering  science  known. 

It  is,  then,  with  the  keen  pain  and  regret  of  the  loss  of  such  an  honorable 
man,  able  engineer,  and  invaluable  member  of  our  Society,  that  we  submit 
the  accompanying  resolutions: 

Besohed,  That  the  Technical  Society  of  the  Pacific  Coast  recognizes  in 
the  death  of  our  ex-Vice-President,  George  J.  Specht,  the  termination  of  a 
life  of  excellence  and  great  usefulness. 

That  his  death  is  an  irrepai-able  loss  to  tbis  Society. 

That  his  generous  character  and  intelligent  services  entitle  him  to  our 
gratitude. 

That  we  sympathize  with  his  family  in  their  bereavement,  and  participate 
in  their  grief. 

Resolved,  That  a  copy  of  the?e  resolutions  be  transmitted  to  the  family  of 
the  deceased  and  be  spread  upon  the  records  of  this  Society. 

(Signed:)        E.  J.  MOLEEA, 

G.   F.  ALLARDT, 
F.  GUTZKOW, 

Committee. 

On  motion,  the  above  resolutions  were  unanimously  adopted. 
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THE  SWAMP  AND  MARSH  LANDS  OF  CALIFORNIA. 


By    MAKSDEN    M  ANSON. 
Bead  Nov.  2d,  1888. 


[Note. — It  is  not  considered  necessary  to  issue  a  map  with  this  paper,  as  any  of  the 
ordinary  maps  of  the  State  will  serve.  The  best  for  general  reference  is  that  published 
by  the  United  States  General  Laud  Office  in  1885;  and  for  the  valley  lands,  that  published 
by  the  State  Engineering  Department  in  1887.] 

The  objects  of  this  paper  are: — (1)  to  show  the  singularly  sys- 
temless  manner  in  which  an  important  matter  has  been  and  is 
now  being  treated;  (2)  to  collect  and  put  of  record  certain  data 
that  is  being  lost,  at  least  to  the  public;  (3)  to  awaken  sufficient 
interest  in  the  question  to  ultimately  place  the  reclamation  of 
swamp  and  marsh  lands  on  a  practicable  footing;  (4)  to  make  a 
few  suggestions,  in  the  hope  that  the  subject  may  receive  that 
attention  from  the  State  and  public  which  its  importance  merits. 
The  hope  is  expressed  that  there  will  be  a  full  discussion  of  the 
subject,  to  the  end  that  much  important  information  and  data 
may  be  added. 

Through  the  Act  of  Congress  of  September  28th,  1850,  popu- 
larly known  as  the  "Arkansas  Act/'  there  were  granted  to  the 
State  of  California  some  If  to  2  millions  acres  of  "  swamp  and 
overflowed  land,"  or  from  2,300  to  3,100  square  miles.  The 
conditions  of  this  grant  were  simple;  namely,  that  the  land 
should  be  reclaimed;   and  the   State,  in  accepting  these  lands, 


84  Manson  on  Swamp  and  Marsh  Lands. 

is  under  the  obligation  to  reclaim  all  that  can  be  practically 
reclaimed. 

Not  until  1855  did  the  State  seem  to  realize  the  magnificence 
of  this  grant,  and  prepare  to  utilize  it.  In  that  year  a  law  was 
enacted  allowing  the  land  to  be  taken  up  in  320-acre  tracts  at 
$1.00  per  acre.  No  reclamation  was  required  if  paid  for  in  cash, 
but  if  on  a  credit  of  five  years,  one-half  was  to  be  reclaimed,  or 
the  claim  was  to  be  forfeited.  (See  Statutes  of  California,  1855, 
p.  189.)  Even  the  credit  system  thus  established  did  not  lure 
mauj'  to  invest,  as  there  were  only  a  few  thousand  acres  sold  in 
the  three  years  during  which  the  law  remained  in  force. 

In  1858  the  above  plan  was  amended  by  abolishing  the  credit 
system,  and  placing  the  proceeds  of  cash  sales  to  the  credit  of 
a  swamp  land  fund,  but  made  no  provision  for  the  very  essential 
matter  of  reclamation.     (Stat,  of  1858,  p.  198.) 

Again,  in  1859,  amendments  were  made  increasing  the  limit 
from  320  acres  to  610,  and  re-establishing  the  credit  system  by 
requiring  20%  cash  to  be  paid,  and  leaving  the  remaining  80%  on 
a  credit  of  five  years.     (Stat.  1859,  p.  310.) 

These  laws  were  still  further  amended  in  1861.  A  general 
"  system "  of  reclamation  was  adopted.  A  Board  of  Swamp 
Land  Commissioners  was  created,  engineers  employed,  and  in 
the  immediately  succeeding  years  some  $567,483.86  were  ex- 
pended.    (Stat.  1861,  p.  355.)" 

These  laws  did  not  permit  the  acquisition  of  lands  in  suffi- 
ciently large  bodies  to  attract  capitalists  to  undertake  their  recla- 
mation; so,  in  1868,  an  act  was  passed  repealing  all  laws  just 
reviewed,  but  reenacting  their  general  terms,  except  that  no 
limit  whatever  was  placed  upon  the  area  any  one  might  take  up. 
(Stats.  Cal.,  1868,  pp.  507-530.) 

The  legislature  either  did  not  know  what  it  was  doing,  or 
knowing,  did  not  care  to  correct.  Through  this  "law"  the 
State  parted  with  the  greater  portion  of  her  magnificent  holdings. 
About  1,000,000  acres  were  taken  up  in  bodies  of  from  a  few 
hundred  to  98,120  acres,  or  over  four  townships — 153  square 
miles  in  one  body  ! 

Many  of  the  parties  thus  acquiring  these  lands  made  strong, 
but  ill-advised  and  misguided  efforts,  to  reclaim  their  posses- 
sions.    Some  have  impoverished  themselves  in  such  efforts. 
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The  law  at  present  limits  the  area  which  can  be  taken  up  by 
any  one  person  to  640  acres. 

These  lands  may  be  divided  into  three  classes: 

I.  Salt  Marsh,  or  lands  bordering  the  bays,  estuaries,  etc., 
and  subject  to  tidal  overflow  of  salt  or  brackish  water. 

II.  Swamps  of  Low  Outfall,,  or  such  as  border  the  lower 
reaches  of  Sacramento  and  San  Joaquin  rivers. 

III.  Elevated  Swamp  Lands,  having  an  available  outfall,  or 
such  as  border  large  lakes,  and  mountain  swamps. 

Portions  of  each  of  these  classes  have  been  partially  or 
entirely  reclaimed,  but  by  far  the  greater  portion  of  each  is  in 
its  original  condition,  and  but  a  small  percentage  of  the  gross 
area  has  been  brought  under  permanent  cultivation.  There  are 
no  reliable  statistics  as  to  reclaimed  areas,  as  many  "districts" 
which  have  been  reported  "  reclaimed"  (and  so  stand  upon  the 
State  records)  have  since  been  abandoned. 

Large  areas  were  "  reclaimed"  only  so  far  as  to  secure  the 
patent  from  the  willing  hands  of  the  State  officials. 

Again,  large  areas  which  were  classified  as  "  swamp  and  over- 
flowed lands,"  are  the  best  alluvial  lands  in  the  State. 

In  the  face  of  this  state  of  affairs,  it  is  not  possible  to  prop- 
erly divide  the  lands,  nor  to  ascertain  their  areas  and  con- 
ditions. The  figures  given  are,  therefore,  only  approximately 
correct. 

I.  Salt  Marsh,  or  lands  bordering  the  bays,  estuaries  and 
rivers,  and  subject  to  tidal  overflow.  .  These  aggregate  about 
320  square  miles,  or  203,660  acres,  distributed  approximately 
as  follows: 

Around  San  Francisco  Bay  (proper) 76,800  acres. 

Around  San  Pablo  Bay 51,200      " 

Around  Suisun  Bay 61,000      " 

(Report  of  Col.  G.  H.  Mendell,  1880.) 

Around  Humboldt  Bay 5,000      " 

Around  Landings  and  False  Bays 4,160      " 

Various  Localities 2,500      " 

(  XL  S.  Coast  Survey  Charts.) 

Total 203,660      " 
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The  surface  of  these  lands  is  generally  a  fine,  dark,  alluvial 
deposit,  overgrown  with  samphire  and  salt  grasses,  merging  into 
flags  and  tules  as  the  water  becomes  brackish  or  fresh.  The 
subsoil  is  soft  "harbor  mud"  of  varying  thickness,  and,  lower 
down,  sand,  gravel  or  clay;  or  intermixed  strata  of  these.  In 
some  localities  the  sand  and  gravel  have  been  cemented  into 
"hard-pan."  The  soft  mnd  is  sometimes  too  soft  to  sustain 
the  weight  of  embankments,  in  which  case  levee  building,  or 
railroad  grading  becomes  difficult  from  the  breaking  of  the 
crust  and  the  sinking  of  the  embankment. 

These  lands  exist  in  isolated  areas  of  from  a  few  hundred 
acres  to  large  tracts  embracing  thousands  of  acres.  Being  sepa- 
rated by  adjacent  high  lands,  and  fronting  on  the  bays,  their 
reclamation  can  be  reasonably  undertaken  separately.  The 
maximum  rise  aud  fall  of  tide  being  known,  the  reclamation 
becomes  to  the  engineer  a  simple  problem  of,  first,  shutting  out 
flood  tides;  and  secondly,  storing  and  removing  seepage  and 
drainage  waters.  There  are  no  vast  volumes  of  flood  waters  to  be 
considered,  no  complicated  system  of  valley  drainage  to  study, 
as  is  the  case  in  the  marsh  lands  bordering  the  lower  rivers. 

Still,  the  reclamation  of  salt  marsh  lands  has  but  rarely  been 
attempted,  although  such  reclamation  is  by  far  more  certain  and 
easy  than  that  of  river  marsh  lands  of  low  outfall.  The  most 
notable  instances  of  salt  marsh  reclamation  are  at  Novato,  near 
San  Mateo  Creek,  at  the  mouth  of  San  Pablo  Creek,  at  the 
mouth  of  Napa  River,  and  a  few  other  minor  areas  at  various 
points. 

The  most  successful  and  systematic  work  of  this  nature  is  at 
Novato,  in  Marin  County,  under  Mr.  J.  W.  Ferris,  C.  E.,  Mem- 
ber Technical  Society  of  the  Pacifie  Coast. 

At  this  point  the  reclamation  and  drainage  is  accomplished  by: 

1st.  Primary  ditches  (a)  back  of  aud  parallel  with  the  dykes, 
and  (6)  running  back  into  the  lands;  both  provided  with  tide- 
gates  opening  outwards  and  automatically  shutting  out  rising 
tides. 

2d.  Secondary,  ditches  subdividing  the  lands  along  the  most 
advantageous  lines. 
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3d.  Tertiary  ditches,  which  are  simple  surface-drains,  a  few 
hundred  feet  apart,  and  draining  into  the  secondary  ditches. 

The  primary  and  secondary  ditches  are  most  cheaply  con- 
structed with  dredging  or  ditching  machines,  and  the  tertiary 
with  the  ordinary  plow  and  road-scraper. 

At  San  Mateo  the  lands  have  been  dyked  in,  and  ditches  made 
across  the  lands,  but  at  the  time  of  examination  no  tertiary 
drains  of  moment  had  been  made.  The  flood  waters  of  San 
Mateo  Creek  have  been  used  to  warp  up  and  leach  the  salts  out 
of  the  lands.  A  large  number  of  artesian  wells  have  been 
sunk.  The  discharge  from  these  wells  is  used  to  aid  the  creek 
waters,  and  for  watering  stock.  The  flow  from  them  is  sluggish 
and  extends  to  but  a  few  feet  above  the  soil. 

Upon  drying  and  exposure  to  air,  the  soil  of  these  marshes 
becomes  friable  for  a  few  inches  in  depth,  and,  unless  very 
heavily  charged  with  sea  salts,  will  yield  the  coarser  grasses  and 
grains  in  two  or  three  seasons.  The  mistake  of  too  deep  plow- 
ing turns  up  the  stiff  baking  clays,  and  has  in  instances  caused 
the  failure  of  crops  and  the  consequent  condemnation  of  the 
engineer  for  wasting  money  on  lands  which  were  found  to  be 
valueless  after  reclamation.  The  mistake  here  was  in  the  sub- 
sequent treatment.  Deep  plowing  on  these  lands  must  be  done 
by  gradually  plowing  an  inch  or  two  deeper  each  year.  The 
writer  has  seen  great  slabs  of  baked  clay  resist  for  years  the 
pulverizing  effects  of  exposure,  when  the  mere  scratching  of 
the  soil  would  have  produced  good  barley  hay. 

It  is  difficult  to  ascertain  the  amounts  which  have  been  spent 
on  the  salt-marsh  lands.  Of  the  203,660  acres  heretofore  given, 
not  one-tenth  has  been  reclaimed,  and  the  remaining  nine-tenths 
is  in  its  original  condition,  serving  only  as  coarse  pasture  lands. 
When  reclaimed  it  readily  pays  an  interest,  over  and  above  cost 
of  cultivation,  on  a  valuation  of  $100.00  per  acre;  so  that  it 
represents  a  possible  value  of  $20,000,000.  This  figure  conveys 
an  idea  of  what  can  reasonably  be  spent  in  reclaiming  these 
lands. 
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n.       SWAMPS    OF    LOW    OUTFALL. 

The  lands  of  this  class  constitute  those  large  areas  situated 
on  the  lower  San  Joaquin  and  Sacramento  rivers  and  their  tribu- 
taries; and  embrace  the  islands  and  adjacent  swamp  lands  on 
the  San  Joaquin  from  the  mouth  of  the  Stanislaus  to  New  York 
Landing,  and  whose  elevation  is  from  5  to  18  feet  above  low 
tide  in  Suisun  Bay;  and  the  low  lands  of  the  Sacramento  and 
tributaries  known  as  the  Yolo -Solano  Basin,  the  Pocket,  Ameri- 
can Basin  and  the  Sutter  Basin.  Their  mean  elevation  above 
low  tide  in  Suisun  Bay  is  about  as  follows:  Of  the  Yolo-Solano 
Basin,  12  feet;  of  the  American  Basin,  20  feet,  and  of  the  Sut- 
ter Basin,  22  feet.  (These  elevations  were  estimated  by  Mr.  C. 
E.  Grunsky,  Assistant  State  Engineer.) 

The  aggregate  area  of  these  bodies  of  land  is  over  a  milliou 
acres,  which  have  been,  and  are  now,  the  theatre  of  large  opera- 
tions of  drainage  and  reclamation. 

Most  of  these  operations  have  been  unsuccessful.  "Where 
successful,  it  has  been  from  a  combination  of  vigorous  work  and 
favorable  circumstances. 

The  subject  of  draining  and  reclaiming  these  lands  is  so  inti- 
mately connected  with  the  problem  of  treating  the  rivers  that  it 
is  impossible  to  discuss  the  one  without  bringing  in  the  other; 
hence  no  apology  is  offered  if  the  rivers  appear  too  prominent. 

The  swamp  lands  of  the  San  Joaquin  are  materially  different 
from  those  of  the  Sacramento,  in  the  more  extensive  occurrence 
of  a  peaty  soil  and  subsoil.  This  feature  is  not  so  prominent  in 
these  latter  lands.  This  is  due  to  the  greater  amount  of  alluvial 
matter  brought  down  by  the  Sacramento  and  its  tributaries, 
whose  more  frequent  floods  and  heavier  rainfall  cause  a  higher 
rate  of  sub-aerial  denudation  in  the  upland  and  mountain  areas, 
draining  through  the  basin  lands. 

The  depth  of  this  peaty  soil  is  not  definitely  known  in  the 
lower  portion  of  the  San  Joaquin.  Where  known,  it  varies 
from  a  few  feet  to  sixty  or  more  feet.  The  stratum  below  the 
peat  is  generally  clay,  merging  into  "  hard-pan."  The  varying 
depth  of  this  peaty  stratum  can  best  be  appreciated  from  the 
following:  data: 
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Locality.  Depth  of  Peat. 

Robert's  Island   4  to  34  feet. 

Union  Island 4  to  —    " 

Rough  aud  Ready  Island 4  to    8    " 

Bacon  Island 15  to  34    " 

Mandeville  Island 20  to  25    " 

Lower  part  of  Staten  Island 20  to  25    " 

Bouldin  Island 13  to  42    " 

Ryer  Island 8  to  16    " 

Experience  in  several  localities  has  shown  that  where  peat  is 
over  25  or  30  feet  deep  it  is  very  difficult  to  construct  levees 
upon  it;  and  over  the  latter  depth  impracticable.  In  the  shal- 
lower depths  it  is  possible  to  compress  or  displace  the  peat  and 
construct  embankments.  The  experience  iu  this  peaty  soil  has 
been  gained  at  great  expense,  and  is  very  valuable,  showing  the 
necessity  of  thorough  examination  by  competent  authority  be- 
fore any  attempt  to  carry  out  reclamation.  In  some  instances 
the  lowering  of  water  has  caused  the  weight  of  the  soil  to  com- 
press the  subsoil  several  feet.  In  others  the  crust  of  peaty  and 
alluvial  soil  rises  and  falls  with  the  tide. 

In  those  localities  where  alluvial  deposits  predominate  the 
soil  is  sufficiently  firm  to  hold  the  weight  of  the  embankments, 
and  operations  in  these  localities  have  generally  been  more 
successful. 

m.       ELEVATED    SWAMPS,  HAVING    OUTEALL, 

Or  such  as  border  the  upper  rivers,  lakes  and  mountain  swamps. 

The  largest  areas  of  these  lands  are  at  the  head  of  the  San 
Joaquin  Valley.  It  is  impossible  to  give  their  acreages,  as  these 
vary  according  to  the  elevation  of  water  in  adjoining  lakes. 
Particularly  is  this  the  case  with  Tulare  Lake.  Here  successive 
years  of  low  rainfall,  and  the  diversion  of  water  for  irrigation, 
have  lowered  the  surface  of  the  lake  many  feet  in  the  last  decade; 
and  as  the  lands  slope  only  a  few  feet  per  mile,  many  thousand 
acres  have  been  uncovered,  and  the  head-gates  of  proposed  irri- 
gation works  have  been  left  several  miles  out  on  the  land. 

Successive  lines  of  vegetation  and  the  legends  of  Indians  go 
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to  show  that  this  lake  is  subject  to  periods  of  rise  and  fall,  ex- 
tending over  years.  It  is  possible  that  its  present  area,  320 
square  miles,  (as  given  by  maps  published  by  the  State  En- 
gineering Department),  will  enlarge.  In  1873  the  area  was  687 
square  miles.  (See  Report  of  Board  of  Commissioners  of  the 
Irrigation  of  the  Valleys  of  the  San  Joaquin,  Tulare  and  Sacra- 
mento.    Washington,  1874.) 

Similar  but  smaller  bodies  of  land  occur  around  Kern  and 
Buena  Vista  lakes. 

In  tbe  Sacramento  Valley  the  larger  areas  are  the  Colusa 
Basin,  having  an  average  elevation  of  35  feet;  and  Butte  Basin, 
65  feet.  The  successful  reclamation  of  these  lands  depends 
upon  a  thorough  system  of  river  improvement  and  drainage 
canals.  Considering  their  great  fertility,  advantages  of  climate 
and  the  cheapness  of  work  with  recent  dredging  and  ditching 
machinery,  it  is  surprising  that  work  of  this  character  has  not 
been  inaugurated  on  a  scale  commensurate  with  the  problems 
involved. 

MOUNTAIN    SWAMPS. 

The  aggregate  area  of  these  lands,  as  shown  on  the  map 
issued  by  the  General  Land  Office  in  18S5,  is  about  156,800 
acres.  These  lands  do  not  rank  as  high  in  fertility  as  the  valley 
marshes,  nor  is  their  climate  so  warm.  They  occur  at  altitudes 
of  from  two  to  four  thousand  or  more  feet,  and  in  isolated  areas 
of  from  a  few  hundred  to  thousands  of  acres.  Nearly  all  are 
in  the  mountain  drainage  basins  of  Feather,  Sacramento  and 
Klamath  rivers,  and  in  the  northeastern  part  of  the  State  lying 
in  the  Humboldt  Basin.  Many  of  these  areas  are  capable  of 
thorough  and  cheap  drainage;  and  of  the  swamp-land  districts 
organized  in  the  mountains,  many  are  recorded  in  the  State 
Surveyor-General's  Reports  as  "  reclamation  complete."  These, 
however,  are  generally  the  smaller  areas  of  only  a  few  hundred 
or  a  thousand  or  two  acres  at  most.  In  some  of  the  large 
bodies,  where  tules,  flags,  etc.,  occur,  the  soil  is  very  thin,  the 
roots  being  matted  to  bare  rocks  with  a  mere  film  of  soil.  In 
other  localities  the  soil  is  a  very  coarse  slaty  or  granitic  sand; 
and,  again,  where  the  surface  is  lava,  there  is  in  some  places 


Manson  on  Swamp  and  Marsh  Lands.  91 

very  little  soil.  Under  these  conditions,  a  very  close  and  criti- 
cal examination  has  to  be  made  before  the  results  of  reclama- 
tion can  be  determined. 

These  mountain  swamps  are  generally  produced  by  one  of  two 
causes:  1st.  The  partial  or  complete  filling  up  of  lakes,  in  which 
case  there  is  generally  an  outfall,  more  or  less  available.  2nd. 
The  drying  up  of  a  lake,  in  which  case  there  is  a  very  poor  out- 
fall, or  sometimes  none,  and  the  reclamation  is  dependent  upon 
the  rainfall. 

Under  the  first  head  there  are  large  and  valuable  areas  whose 
reclamation  would  be  highly  remunerative.  Many  of  the  smaller 
tracts  which  have  been  reclaimed  are  valued  at  an  average  of 
$40  to  $50  per  acre.  Taking  the  smaller  figure,  and  estimating 
the  available  lands  of  this  class  at  125,000  acres,  they  represent 
a  value  of  $5,000,000. 

EXPENDITURES. 

The  expenditures  which  the  writer  has  attempted  to  trace  have 
been  upon  the  II  Class  of  lands,  or  the  swamps  bordering  the  lower 
rivers.  Upon  these  lands  and  the  adjoining  river  channels  vast 
sums  of  money  have  been  expended,  much  of  which  is  generally 
acknowledged  to  have  been  without  adequate  return.  Instead 
of  treating  the  subject  as  a  whole,  which  it  is,  it  is  divided  into 
several  hundred  "reclamation"  or  "swamp  land  districts." 
These  districts,  as  a  general  thing,  have  natural  boundaries, 
although  some  are  arbitrarily  bounded  by  property  or  other 
lines.  The  authorities  of  each  district  have  been  supreme  so 
far  as  the  works  in  that  district  are  concerned,  and  have  located 
and  built  them  in  many  instances  irrespective  of  the  effect  upon 
the  river  or  other  lands.  The  prime  object  being  the  protection 
of  the  lands  of  their  district  according  to  their  ideas. 

We  will  review  these  expenditures. 
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STATE    FUNDS. 

Since  the  initial  operations,  commencing  in  1855,  the  State  of 
California  has  spent  the  following  amounts: 

General  Swamp  Land  Fund $    152,040  51 

District  Swamp  Land  Funds 547,546  74 

State  Engineer's  Department,  since  May,  1878 259,023  70 

Drainage— District  Law  of  1877 20,000  00 

Act  to  Promote  Drainage,  1S80 699,577  25 

Swamp  Land  Commission.     (22d  Ses.,  Vol.  4.). .  .   1,470,000  00 

Total $3,148,188  20 

The  Act  of  March  12th,  1868,  transferred  all  funds  deposited 
to  the  credit  of  the  district  funds,  to  the  various  authorities  of 
the  counties  in  which  the  lands  were  situated,  and  it  is  difficult 
to  trace  the  sums  expended  through  the  scattered  county  records. 

The  United  States  have  spent  or  placed  available  for  the  closely 
allied  works  of  improving  the  navigation  of  Sacramento,  Feather 
and  San  Joaquin  rivers  the  sum  of  $654,747.89. 

So  far  as  the  writer  has  been  able  to  trace  them,  the  expen- 
ditures of  the  districts  have  been  as  follows: 

SACRAMENTO    DISTRICTS. 

Jacinto  to  Knight's  Landing $1,350,000  00 

Reclamation  Districts  Nos.  108,  124,  494. 

East  Bank  Jacinto  to  Feather 1,250,000  00 

Feather  and  Tuba  Rivers 2,513,000  00 

Grand  Island 1,000,000  00 

Andrus  Island 241,500  00 

Ryer  Island 42,000  00 

Sherman  Island  (approx.) 250,000  00 

$6,646,500  00 

On  the  Sacramento  and  American  Rivers,  from 
Feather  River  to  Grand  Island,  including  Sacra- 
mento and  Washington  (approx.) 1,500,000  00 

$7,146,500  00 
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SAN    JOAQUIN    DISTEICTS. 

McMnllen  District $  10,000  00 

District  No.  17 '. 96,000  00 

Small  Districts  near  Stockton 138,000  00 

Roberts  Island 750,000  00 

Bouldin  Island 238,000  00 

Bacon  and  Maudeville  Islands 370,000  00 

Union  Island 1,250,000  00 

Staten  Island 007,500  00 

Twitchell  Island 132,000  00 

Rough  and  Ready  Island 99,750  00 


$3,891,131  00 

RECAPITULATION. 

By  the  State $3,148,188  20 

By  the  United  States 654,747  89 

Sacramento  and  tributaries 7,146,500  00 

San  Joaquin  and  tributaries 3,891,131  00 


Total $14,840,567  09 

Of  the  $3,000,000,00  spent  by  the  State,  there  is  not  a  very 
substantial  result.  The  largest  single  item  is  that  expended  by 
the  Swamp  Land  Commission,  and  if  included  with  the  sums 
expended  under  the  General  and  District  Swamp  Land  Laws 
aggregates  some  $2,000,000.00  or  more.  These  expenditures 
were  made  principally  to  secure  the  land  and  before  the  rivers 
had  been  studied  or  even'  thoroughly  observed.  Whatever 
practical  results  have  been  obtained  may  be  accounted  for 
in  part,  by  a  portion  of  the  existing  hundreds  of  miles  of 
levees. 

The  Sacramento  Drainage  District  Law  of  1877  resulted  in  a 
very  able  report  from  Col.  Isaac  Smith,  C.  E.,  and  Mr.  J.  C. 
Pierson,  Mem.  Tech.  Soc.  Under  this  law  $20,000.  was  ex- 
pended, and  it  is  to  be  regretted  that  the  recommendations  then 
made  have  not  been  followed. 

Of  that  unfortunate  fiasco  "The  Act  to  Promote  Drainage,"  it 
is   unnecessary   to   speak,    further  than   to   regret   that  it   has 
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delayed  legitimate  engineering  action  on  behalf  of  the  State  for 
at  least  a  decade.  It  will  be  hard  to  induce  the  legislature  to 
make  even  a  small  appropriation  for  the  improvement  of  Cali- 
fornia rivers  with  this  costly  monument  to  ill  advised  action 
staring  them  in  the  face.  Before  the  law  was  declared  uncon- 
stitutional by  the  Supreme  Court  the  promoters  had  succeeded 
in  spending  $699,577.25.  As  a  result,  however,  many  levees 
then  existing  were  raised  and  strengthened  and  valuable  ex- 
perience gained  in  other  lines. 

The  results  of  the  appropriations  for  surveys  and  examina- 
tions, etc.,  by  the  State  Engineering  Department  have  not  yet 
been  fully  published,  although  a  vast  fund  of  data  has  been 
collected.  Some  valuable  tables  of  data  and  excellent  maps  of 
the  valley  of  California  have  been  issued,  one  of  which  is 
made  use  of  in  this  paper. 

The  United  States  Government  has  done  little  more  than  at- 
tempt to  maintain  navigation.  But  as  the  relations  between  river 
improvement  for  navigation  and  drainage  are  so  intimately  con- 
nected it  is  impossible  to  leave  out  the  work  done  under  the 
U.  S.  Government.  Under  the  circumstances  and  laws  the 
Engineer  Officers  have  been  confined  principally  to  removing 
the  most  prominent  obstacles  to  navigation. 

Congress  has  made  the  various  appropriations  aggregating 
$654,700.00  in  a  manner  to  merely  alleviate  existing  troubles. 
No  Board  of  Engineers  has  been  directed  to  thoroughly  study 
the  problems,  aud  devise  a  general  plan  towards  which  all 
future  works  should  tend  as  far  as  practicable.  But  various 
bars  have  been  reported  high  and  have  been  scraped  off,  or  a 
wing  dam  built,  or  a  cut  off  made  and  snags  removed.  The 
result  so  far  as  the  appropriations  would  permit  have  been 
effective.  But  these  two  rivers  merit  better  treatment.  They  flow 
through  more  than  a  million  acres  of  magnificently  fertile  swamp 
land,  and  with  proper  treatment  would  control  the  freights  to  and 
from  market  of  several  times  this  area;  although  they  might 
carry  but  a  small  fraction  of  the  gross  freight  moved.  It  is  not 
what  freight  they  carry  that  they  should  be  credited  with;  but 
what  they  cause   the  gross  volume  of  freight  to  be  carried  for. 

Could  Calif ornians   realize  the  immense  value  of  the  rivers  of 
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this  State  as  lines  of  drainage  and  navigation,  they  would  guard 
with  great  care  every  interest  connected  with  them,  and  insist 
that  the  State  and  General  Government  should  do  their  full 
duty  in  preserving  and  utilizing  them. 

DISTRICT,  CORPORATION,  AND    PRIVATE  EXPENDTURES. 

It  is  impossible  to  get  full  data  of  the  millions  spent  by 
Levee  Districts,  Reclamation  Districts,  corporations  and  indi- 
viduals. The  enormous  sum  of  $11,000,000.00  has  been  traced 
by  the  writer,  and  it  is  probable  that  this  sum  is  not  half  of 
what  has  actually  been  spent. 

On  the  Sacramento  and  its  branches  and  on  the  San  Joaquin, 
below  the  mouth  of  the  Stanislaus,  there  are  1,270  miles  of 
levees.     (C.  E.  Grunsky,  C.  E.,  member  Tech.  Soc.  P.  C.) 

In  the  lower  reaches  of  these  two  rivers  there  are  thirteen 
dredges  at  work,  whose  aggregate  capacity  is  about  25,000  cubic 
yards  per  day,  or  over  600,000  cubic  yards  per  month. 

No  where  upon  earth,  except  in  the  construction  of  the  grand 
canals,  Suez  and  Panama,  has  such  a  dredging  plant  ever  been 
massed.  Not  even  at  the  head  of  Chesapeake  Bay  did  Col. 
Craighill  assemble  such  a  plant,  although  he  moved  500,000. 
cubic  yards  per  month.  Yet  this  grand  group  of  engines  in  the 
deltas  of  the  Sacramento  and  San  Joaquin  is  working  without 
system.  There  are  but  two  instances  where  two  of  them  are 
working  on  the  same  "plan,"  and  the  greater  portion  of  them 
are,  or  have  been  engaged  for  years  in  building  levees  at  right 
angles  to  flood   channels. 

It  is  hard  to  realize  the  vast  operations  which  this  group  of 
engines  is  doing.  By  comparison,  they  do  more  work  in  a 
month  than  is  done  by  the  plant  operated  by  the  Harbor  Com- 
missioners in  a  year.  When  one  reviews  this  work  and  realizes 
that  these  separated,  scattered  operations  are  in  one  river  system, 
and  yet  working  independently,  and  frequently  at  cross  purposes, 
it  is  hard  to  realize  that  it  is  directed  by  human  intelligence, 
yet  the  men  directing  these  separate  operations  are  terribly  in 
earnest;  frequently  every  acre,  every  dollar  they  own  is  involved. 

The  1 ,270  miles  of  levee  before  mentioned  represented  an  amount 
of  labor  equally  hard  to  realize.  To  review  the  field  and  ascer- 
tain that  in  most  instances  a  district  contains  only  a  few  miles  of 
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levees,  and  that  their  agregate  length  is  divided  up  into  several 
hundred  districts — that  it  is  rare  that  the  same  authorities  have 
located  or  controlled  lines  of  levees  immediately  opposite — that 
(if  curreut  reports  be  true)  one  set  of  levees  is  built  up  a  little 
higher  than  another  in  the  hope  that  an  opposite  break  may 
occur,  or  that  under  cover  of  darkness  or  force  works  have 
been  destroyed — that  bitter  and  life  long  quarrels  between 
rival  owners  have  determined  in  the  location  and  construction  of 
levees  rather  than  sound  engineering  principles.  To  review  all 
this,  and  see  along  with  it  the  grand  energy  and  immense  sums 
that  have  been  many  times  uselessly  spent  is  well  calculated  to 
warn  one  to  stand  aloof  from  such  work. 

But  when  this  review  is  thoroughly  made,  the  reason  of  much 
of  the  failure  stands  out  in  bold  lines — want  of  system — lack  of 
a  full  conception  of  the  work  to  be  accomplished  is  stamped 
from  end  to  end. 

It  would  be  impossible  in  the  limits  of  this  paper  to  review 
the  whole  system  of  river  improvements  and  levees  embraced  in 
the  valley  of  California.  But  the  general  dispositon  has  been 
to  dam  up,  confine  and  obstruct  the  flood  waters,  rather  than  to 
provide  adequate  passageway.  The  entrance  of  the  American  into 
the  Sacramento  affords  an  example.  The  natural  condition  of 
this  entrance  was  in  times  of  flood  very  different  from  what  now 
exists.  The  city  of  Sacramento  stands  across  the  path  of 
American  river  floods,  and  has  built  its  north  levee  in  such  a 
position  as  to  throw  the  full  volume  of  American  river  Hoods 
about  at  a  right  angle  into  the  Sacramento.  As  a  consequence 
no  levee  above  the  junction  has  ever  stood,  and  never  will  stand 
an  ordinary  winter  until  something  like  the  natural  condition 
be  restored,  and  adequate  water-way  be  provided. 

The  condition  now  imposed  puts  an  embargo  on  any 
reclamation  of  the  500,000  acres  in  Yolo-Solano  Basin.  For 
the  flood  waters  of  the  American  river  being  upon  a  grade 
twelve  or  thirteen  times  as  steep  as  those  of  the  Sacramento, 
easily  force  the  latter  back  up  stream  for  miles,  and  over  any 
system  of  levees  that  can  be  constructed  on  the  right  bank. 

Again,  the  combined  capacity  of  all  the  various  channels  of 
the  San   Joaquin,  in  their  tortuous  and  levee-lined  condition, 
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have  time  and  time  again  proved  themselves  incapable  of  carry- 
ing the  flood  volumes  presented  at  Paradise  cut,  the  head  of 
the  delta  swamp  lands.  And  until  a  straight,  or  nearly  straight 
relief  channel  be  constructed  from  that  point  to  the  Bay,  there 
must  always  be  disastrous  overflows. 

Again,  on  the  Sacramento  Col.  Isaac  W.  Smith,  C.  E.,  has 
conclusively  demonstrated  that  the  river  cannot  be  made  to 
carry  even  ordinary  floods.  (See  Report  Sacramento  River 
Drainage  District.    Sac,  1879,  pp.  9-17.) 

It  is  therefore  necessary  to  provide  additional  outlet  for  the 
floods  of  the  Sacramento.  The  same  authority  just  quoted  has 
strongly  advocated  a  cut  through  the  Montezuma  hills  into 
Suisun  Bay,  as  a  very  admirable  adjunct  to  a  general  system, 
(lb.  page  22.) 

There  are  very  high  authorities  against  dividing  up  a  river 
channel,  and  diverting  the  waters.  But  in  the  cases  in  hand 
this  diversion  has  always  occurred  and  must  continue  to  occur. 
This  is  conclusively  proved  not  only  by  the  history  of  floods 
since  the  valleys  were  occupied,  but  by  the  testimony  written  all 
over  the  valleys  by  the  flood  lines  themselves  for  ages  past. 
The  question  of  what  to  do  with  the  surplus  flood  waters  presents 
itself,  not  for  discussion,  but  for  actual  solution,  and  the  two 
lines  of  relief  marked  out  are  direct  and  natural. 

A   GENERAL    SYSTEM. 

To  design  a  general  system  of  river  and  drainage  improvement 
for  the  lower  Sacramento  and  San  Joaquin  rivers,  is  a  less  diffi- 
cult task  than  to  unite  the  private  interests,  and  to  consolidate 
into  one  the  various  little  levee  and  reclamation  districts  into 
which  the  lands  involved  are  divided. 

The  extent  of  the  interests  involved  are  of  such  magnitude  as 
to  warrant  the  aid  of  both  the  General  and  State  Governments, 
and  to  justify  private  land  owners  in  making  every  possible 
concession.  So  many  futile  attempts  have  been  made  to  reclaim 
isolated  pieces  of  swamp  lands  by  local  works  that  the  general 
verdict  would  be  adverse  on  those  so  called  "practical  results" 
of  the  past  thirty  years.  We  have  had  that  period  of  system- 
less,  wasteful  years. 
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For  the  future  improvement  of  these  rivers  there  are  three 
sources  of  revenue: 

1st.  The  United  States  Government,  interested  in  the  preser- 
vation and  improvement  of  the  navigable  channels. 

2nd.  The  State  (and  Municipal  Corporations),  interested  in 
(A)  discharging  the  obligation  of  reclaiming  these  lands,  which 
obligation  was  assumed  in  accepting  them  ;  and  (B)  in  increas- 
ing her  wealth  by  the  enactment  of  wise  laws  enabling  her 
citizens  to  reclaim  large  areas  of  great  productiveness. 

3rd.  The  land  owners,  interested  in  enhancing  the  value  of  the 
land  held  by  them. 

These  sources  of  funds,  and  the  ends  to  be  accomplished, 
should  be  united.  Every  dollar  spent  should,  if  possible,  be 
part  of  a  general  system,  and  not  one  dime  should  be  spent  so 
as  to  in  any  way  impair  or  counteract  this  general  system. 

A  third  of  a  century  of  separate,  individual  action  has  resulted 
in  the  wasting,  absolute  wasting,  of  vast  sums  of  money.  The 
next  ten  years,  under  a  proper  system,  can  be  productive  of 
better  results  at  much  less  cost. 

To  accomplish  this: 

1st.  Let  Congress  be  urged  to  direct  that  a  general  plan  for 
the  protection  and  improvement  of  the  rivers  of  the  valley  of 
California  be  made  through  the  United  States  Engineer  De- 
partment, requiring  the  Board  of  Eugineers  designing  this 
system  to  act  in  harmony  with  such  laws  as  the  State  of  Cali- 
fornia may  enact,  and  with  a  view  as  far  as  possible  of  enlarging 
the  drainage  capacity  of  the  channels. 

2d.  Let  the  State  enact  a  law  (a)  creating  a  Board  of  En- 
gineers, who  shall  devise  a  general  system  of  reclamation  for 
the  valley  :  (b)  requiring  all  works  built  by  corporations,  dis- 
tricts or  individuals,  to  be  in  harmony  with  this  general  plan, 
as  far  as  possible;  and  prohibiting  any  work  from  being  done 
which  would  in  any  way  obstruct  the  general  plan:  (c)  author- 
izing the  consolidation  of  all  districts  so  as  to  bring  them  under 
one  management:  (d)  providing  an  annual  fund  to  be  expended 
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by  the  Board  of  Engineers  in   constructing  certain  large  and 
general  portions  of  the  plan. 

When  it  is  considered  that  over  1,000,000  acres  of  land  is 
involved,  whose  minimum  value,  if  reasonably  safe  from  over- 
flow, is  $100  per  acre,  the  magnitude  of  the  interest  becomes 
apparent. 

Note— The  writer  would  respectfully  acknowledge  his  indebtedness  to  the  following 
named  gentlemen  and  others,  through  whose  courtesy  much  valuable  data  was  fur. 
nished  :  Mr.  C.  E.  (irunsky,  Sacramento;  Mr.  J.  W.  Ferris,  Stockton;  Mr.  J.  C  Pierson, 
Sacramento,  members  Technical  Society  P.  C;  W.  F.  Peck,  C.  E.,  Marysville;  Hon.  John 
P.  Dunn,  Comptroller,  Sacramento;  Hon.  W.  S.  Green,  Colusa  ;  Messrs.  Samuel  Bigelow, 
David  Bixler,  Schultz  &  Voorman,  Dr.  Win.  M.  Ryer,  W.  C.  McAfee,  and  Dr.  Geo.  A 
Moore,  San  Francisco. 
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NOTES  ON  EXPERIMENTS  FOR  DETERMINING 
THE  RELATIVE  TENSILE  STRENGTH  OF  PLAIN 
AND  TWISTED  IRON  AND  STEEL   BARS. 

By  Lieut.  F.  P.  Gilmoke,  U.  S.  N. 
Read  December  7,  1888. 

The  experiments,  as  indicated  in  the  annexed  tables,  were 
made  to  determine  the  difference,  if  any,  in  the  tensile  strength 
of  iron  or  steel  bars  in  their  normal  condition,  or  with  a  certain 
amount  of  twist.  The  bars  tested  in  Tables  I,  II,  and  IV,  were 
of  refined  iron,  and  in  Table  III,  of  mild  steel,  such  as  is  used 
for  rivets  in  the  Government  cruisers  building  at  the  Union  Iron 
Works.  The  material  was  all  manufactured  at  the  Pacific  Roll- 
ing Mills.  In  order  to  secure  as  accurate  work  as  possible,  the 
test  pieces  in  each  table  were  cut  from  the  same  bar  and 
numbered  consecutively;  and  after  being  prepared  as  described 
below,  and  before  twisting,  they  were  accurately  measured  and 
divided  into  groups  of  two  each,  according  to  similarity  of  diam- 
eters. 

The  testing  was  all  done  by  the  same  person.  One  group  of 
each  set  was  twisted  until  the  pieces  broke,  as  a  guide  for  the 
amount  of  twist  to  be  given  to  those  to  be  tested  for  tensile 
strain. 

The  torsional  strength  of  square  and  round  bars  being  as  the 
cubes  of  their  sides  and  diameters  respectively,  three-quarters 
inch  bar  was  used  in  all  cases,  for  similarity  of  results. 

It  was  shown  by  the  experiments  in  Table  IV,  that  square 
bars  when  tested  without  shoulders  (See  figure,  Table  II),  inva- 
riably broke  in  the  clamps  of  the  testing  machine.     Therefore, 
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in  the  second  set  of  experiments,  with  square  bars  (Table  II), 
they  were  slotted  on  two  opposite  sides  to  a  depth  of  one-six- 
teenth inch,  in  order  to  determine  the  breaking  point  between 
the  shoulders.  The  round  bars  were  all  turned  down  about  one- 
sixteenth  of  an  inch  on  the  twisted  portion.  In  I  and  II  the 
length  of  the  twisted  part  is  eight  inches,  in  III  and  IV  it  is 
twelve  inches. 

The  testing,  as  shown  in  III  and  IV,  the  first  made,  was  not 
satisfactory  for  several  reasons,  as  given  above. 

From  each  lot,  two  pieces  without  twist  were  tested  for  tensile 
strength  and  ductility,  as  shown  in  the  tables.  The  two  in  each 
of  the  groups  were  then  carefully  given  a  number  of  turns  in  a 
lathe  worked  by  hand  power.  In  placing  the  twist,  one  end  of 
the  test  piece  was  held  fast,  the  other  being  clamped  to  the  face 
plate  of  the  lathe.  The  twist  was  then  made  from  the  end  next 
the  lathe,  and  at  first  it  seemed  to  be  a  decreasing  one  toward 
the  other  end  of  the  bar.  But  when  all  in,  no  difference  in  the 
pitch  of  the  twist  could  be  measured.  In  some  of  the  round 
specimens,  measurements  were  taken  to  discover  any  difference 
in  the  diameters  after  twisting,  but  the  results  were  doubtful. 
There  is  a  certain  distortion  of  the  pieces,  both  in  sectional  area 
and  longitudinally,  but  this  was  probably  due  to  the  difficulty 
of  holding  the  pieces  in  a  fixed  longitudinal  position  while 
being  twisted.  Unwin  states:  "  There  is  no  difference  in  length 
or  in  transverse  section  after  torsion." 

Measurements  for  ductility  and  reduction  of  area  were  made 
only  on  the  untwisted  bars,  to  show  the  general  quality vof  the 
material.  An  attempt  was  made  to  determine  the  elastic  limit 
of  the  twisted  bars,  but  they  all  appeared  to  have  a  certain 
spring  in  them  due  to  the  twist,  and  the  results  were  thrown  out 
as  unsatisfactory. 

The  testing  was  all  done  on  the  same  day  that  the  twist  was 
placed  in  the  bars.  Results  differing  to  some  extent  would  pro- 
bably be  had  were  the  bars  allowed  to  rest  for  some  time  after 
twisting.  It  is  well  known  that  a  new  molecular  condition 
establishes  itself  in  iron  or  steel  that  has  been  allowed  to  rest 
for  a  period  after  being  worked.  But  it  is  not  probable  that  the 
relative  value  of  the  results  would  be  changed. 

The  first  strain  was  well  within  the  elastic  limit,  about  20,000 
pounds  to  the  square  inch.     Weight  was  then  added  of  about 
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3,000  pouuds  per  square  inch,  at  intervals  of  about  20  seconds, 
until  50,000  pounds  was  reached,  when  the  pieces  were  broken 
by  the  addition  of  about  1,000  pounds  per  square  inch  until  near 
fracture,  when  small  increments  were  added. 

As  stated  above,  the  results  in  I  and  II  are  the  most  com- 
plete, although  the  tests  in  III  aud  IV  were  carefully  made.  It 
is  unnecessary  to  refer  to  the  change  in  tensile  strength  of  the 
bars,  as  it  is  shown  in  the  tables.  A  brief  reference  will  be 
made,  however,  to  the  behavior  of  a  few  of  the  pieces.  In  IV, 
when  the  square  bars  were  tested  without  shoulders,  all  broke 
in  the  jaws  of  the  machine,  as  did  also  some  of  the  pieces  with 
shoulders,  in  Table  II. 

With  two  sides  of  the  bar  slotted  to  a  depth  of  one-sixteenth 
inch,  and  a  width,  say,  of  0.750,  as  in  Table  II,  we  have  an 
area  of  .091  square  inches  taken  from  the  bar.  With  a  tensile 
strength  of  55,000  pounds  per  square  inch,  this  gives  a  value  of 
at  least  5,000  pounds  which  the  bars  have  gained  in  strength, 
when  they  broke  in  the  clamps.  The  bars  were  so  held  that 
these  fractures  were  not  due  to  compression  in  the  jaws  of 
the  machine.  Several  of  the  bars  which  broke  in  the  clamps 
were  rebroken  (No.  9  in  I,  a  second  time  rebroken),  and  always 
gave  an  increase  of  tensile  strength.  Numbers  8  and  10  in  I, 
broke  with  no  snap,  and  seemed  in  a  manner  to  twist  off  rather 
than  pull  apart.  No.  4  in  II,  had  a  long  crack  in  it,  due  to  the 
lamination  of  the  iron,  but  the  results  of  pieces  2  and  4,  same 
group,  are  similar.  Attention  is  called  to  the  number  of  turns 
required  to  break  the  steel  bars — thirteen. 

In  the  steel  bars  more  satisfactory  results  would  have  been 
obtained  had  more  twist  been  given  to  some  of  them.  But  III 
and  IV  indicate  the  same  general  law  as  I  aud  II. 

Bare  results  are  given  above,  and  it  is  left  to  members  of  the 
Society  to  determine  reasons.  Prof.  Thurston  and  Commander 
Beardsley,  of  the  Navy,  each  observed  that  if  a  ductile  material 
is  subjected  to  a  stress  beyond  its  elastic  limit,  but  not  beyond 
its  tensile  strength,  aud  then  allowed  to  rest  for  a  time,  a  sub- 
sequent test  will  give  a  largely  increased  elastic  limit  and  tensile 
strength.  Similar  effects  are  probably  determined  in  the  bars 
by  torsion. 
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MINUTES  OF  MEETINGS. 

REGULAR  MEETING. 

November  2,  1888. 
Vice-President  Molera  in  the  Chair. 

President  Marsden  Mansen  read  a  paper  on  "  The  Swamp 
and  Marsh  Lands  of  California." 

A  discussion  followed  the  reading  of  the  paper. 

Mr.  "Wagner  said:  The  paper  admirably  illustrates  what  has 
long  been  known  to  the  engineers,  viz:  that  political  engineer- 
ing is  always  an  expensive  way  to  accomplish  a  given  result. 

Looking  at  the  paper  as  an  exposition  of  bad  methods  and 
poor  results,  it  must  certainly  serve  a  useful  purpose  iD  aiding 
reform.  The  question  of  the  reclamation  of  swamp  lands  and 
the  regimen  of  the  rivers  cannot  be  settled  in  a  day;  the  public 
must  be  educated  up  to  the  point  to  realize  that  any  effective 
plan  must  deal  with  the  storage  of  the  waters  in  the  mountain 
regions,  and  thus  control  and  equalize  the  discharge  of  the 
streams  and  arresi  the  detritus  already  in  the  streams  and 
awaiting  an  unusual  flood  to  dislodge  it.  Unless  this  is  done, 
the  beds  of  the  rivers  in  the  valleys  must  inevitably  be  raised, 
and  thus  entail  greatly  increased  expense  for  the  future  care  of 
the  levees.  I  think  it  would  be  wise  fur  the  Society,  through  a 
committee,  to  confer  with  the  Commission  of  U.  S.  Engineers, 
charged  with  the  examination  of  kindred  subjects  in  this  State, 
and  thus  assist  in  forming  a  proper  public  opinion,  which  must 
be  had  before  any  real  reform  can  be  commenced. 
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Professor  L.  J.  LeConte  said :  I  am  rather  inclined  to  favor 
the  drainage  cut  through  the  low  land  back  of  the  Montezuma 
hills.  Mr.  Isaac  Smith,  C.  E.,  seems  to  have  given  the  question 
much  study,  and  in  his  reports  to  the  Sacramento  Drainage 
Commission  has  clearly  shown  its  practicability  and  capacity  for 
relieving  the  district  whose  flood  waters  now  escape  through 
Cache  Slough.  If  this  scheme  be  properly  carried  out,  I  am  of 
opinion  that  the  flood-water  capacity  of  the  Sacramento  River 
will  be  greatly  enhanced.  As  a  result,  the  river  would  more  rap- 
idly flush  out  the  great  volume  of  sand  now  choking  the  channel 
ways,  and  navigation  would  be  greatly  benefited.  People  out- 
side of  our  profession  have  no  adequate  idea  of  the  extent  of 
sandy  deposits  in  the  lower  river,  and  its  hurtful  effects  on  the 
capacity  of  the  channels.  I  would  simply  call  your  attention  to 
the  potent  fact  that,  as  a  result  of  this  filling,  the  tidal  influences 
have  been  slowly  retreating  down  river,  and  at  the  last  examina- 
tion, made  in  1879,  had  reached  a  point  60  miles  further  down 
river  than  was  formerly  the  case. 

The  Treasurer  presented  the  following  report,  which,  on 
motion  of  Mr.  Manson,  was  referred  to  the  Finance  Committe : 

November  2.  18S8. 
Marsdex  Maxson,  President : 

Dear  Sir — I  have  the  honor  to  make  the  following  report  of  the  financial 
condition  of  the  Technic  il  Society: 
Feb.  '29,  1888 — received  from  outgoing  Treasurer     $  317  50 

Have  made  collections  to  date  as  follows: 

Dues  for  1887 '. 57  00 

Initiation  fees   20  0U 

Dues  for  1888 842  00 


Total S1.236  50 

Disbursements  as  per  vouchers — 

Kent $200  00 

Printing    .. 563  94 

Petty  Expenses 34  85 

Collections 47  75 

Janitor    35  00 

Amount  on  hand 354  90 


$  1,236  50 
Yours  truly, 

Ernkst  L.  Ransome,  Treasurer. 
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REGULAR    MEETING. 

December  7, 1888. 

President  Manson  in  the  Chair. 

Mr.  E.  J.  Molera,  on  behalf  of  his  committee,  presented  the 
resolutions  of  respect  to  the  memory  of  the  late  George  J. 
Specht,  in  a  handsome  binding. 

On  motion,  a  vote  of  thanks  to  the  Secretary  of  the  Academy 
of  Sciences,  who  had  executed  the  pen  work  on  the  resolutions, 
was  passed. 

A  Nominating  Committee  to  present  the  names  of  officers  for 
the  ensuing  year  was  appointed,  consisting  of  Messrs.  Behr, 
Gutzkow,  von  Geldern,  D'Erlach  and  Kower. 

Lieutenant  Gilmore,  IT.  S.  N.,  gave  the  results  of  a  series  of 
experiments  made  by  him  on  the  relative  tensile  strengths  of 
twisted  and  untwisted  iron  and  steel  bars. 

Professor  Keith  gave  a  description  of  a  new  electric  motor 
developed  by  him  at  his  factory. 


Gilmore  on  the  Tensile  Strength  of  Steel. 

I.        IRON    THREE-QUARTER    ROUND,    LENGTH    OF    TWISTED    PART    EIGHT   INCHES. 
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II.       IRON   THREE-QUARTER    SQUARE,    LENGTH    OF    TWISTED    PART    EIGHT    INCHES. 


JL 


3 

5 

1 

6 

2 

4 

7 

12 

10 

11 

8 

9 

0 

H 

k 

1 

Ik 

3 

2k 

Width 

.762 

.614 

.4617 

25,900 

56,090 

.751 

.615 

.4618 

25,200 

54,560 

.752 

.606 

.4557 

26,400 

57,930 

.749 

.618 

.4629 

26.200 

56,600 

.752 

.625 

.4700 

27,200 

57,900 

.751 

.617 

.4634 

27,000 

58,260 

.752 

.623 

.4685 

30,000 

64,000 

.753 
.616 
.4638 
*30,300 
65,330 

.750 
.020 
.4650 
*30,800 
66,230 

.753 

.620 

.4667 

30,000 

64,280 

.750 
.611 
.4582 

.753 
.620 

.4667 

Tensile,  Square  inch.  . 

Nos.  8  and  9 

twisted 
until  broken. 

*  Broke  at  "  s  s."     No.  10  broke  again  at  shoulder  "  s  s  "  at  67,520  pounds  per  square  inch. 


HI.       STEEL    THREE-QUARTER    ROUND,    LENGTH    OF    TWISTED    PART    TWELVE    INCHES. 
Sectional  Area,  0.3696  in.    All  pieces  broke  between  shoulders. 


0 

H 

% 

k 

13 

57,090 
57,630 

57,630 
57,900 

57,630 
51,900 

59,250 
57,360 

Broke. 
Broke. 

Elongation  in  12  inches  28.33  ;,  =  32  75%  in  8  inches. 


IV.      IRON  .76  IN.  SQUARE;   AREA  .5776;  NOT  DRESSED. 
All  twisted  pieces  broke  in  clamps. 


Twist  in  Turns. 


Tensile,  Square  inch. 
Tensile,  Square  inch. 


52,460 
52,630 


54,190 
*53,670 


53,150 
53,670 


53,670 
'58,860 


Two  pieces. 


Elongation  in  12  inches  =  27.33%. 

♦Broken again  at  55,920  pounds  per  square  inch. 

t  Broken  again  at  60,000  pounds  per  square  inch. 


•qoni  gjwibs  J8d  spunod  000'09  J«  mvSv  na^ojg  4 

qoni  aaEtibs  jad  sptmod  056'£S  }B  ntESi3na3iojg* 

'    S8'£5  =  saqoai  zi  ni  noi^Snoia 


npfl'^c  !  noni  9j8nbc 'srtsnaT 


TECHNICAL  SOCIETY  OF  THE  PACIFIC  COAST. 

INSTITUTED  APRIL,   1884. 

TRANSACTIONS. 

Note. — This  Society  is  not  responsible,  as  a  body,  for  the  facts   and   opinions  adranced 
in  any  of  its  publications. 


(Volume  VI.— May,   1889.) 


FALB'S  THEORY   OF  EARTHQUAKES. 

By   Otto  vox  Gelderx,  C.  E..  M.  Tech.  Soc. 
[Read  March  1,  1889.] 


It  was  with  considerable  reluctance  that  I  agreed  to  submit  a 
paper  upon  a  subject  whereof  so  much  is  ynt  conjecture. 

Although  various  earthquake  theories  have  been  advanced,  it 
has  always  been  the  case  that  the  more  we  study  and  compare 
them,  and  attempt  to  adjust  earthquakes  to  certain  laws  as  to 
their  frequency,  force,  duration,  etc.,  the  more  the  conviction  is 
forced  upon  one,  that  they  are  the  most  lawless  of  natural  phe- 
nomena. This  will  be  all  the  more  apparent  to  any  one  who 
attempts  to  study  them  in  a  region  where  they  are  compara- 
tively rare,  and  very  seldom  of  sufficient  force  to  impress  upon 
the  observer  their  true  character. 

It  is  needless  to  say,  that  the  proper  place  to  observe  them 
for  theorizing  is  the  region  in  or  near  the  tropics,  in  the  chain 
of  the  Andes  in  South  America,  for  instance,  where  nature  seems 
to  have  established  her  laboratory  for  manufacturing  explosives 
on  a  grand  scale.  The  individual  features  of  such  an  event  are 
there  brought  out  with  great  prominence,  and  the  frequent 
repetitions  of  those  mighty  earth  tremors  will  soon  impress  upon 
one  all  their  usual  characteristics. 
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We  should  be  more  likely,  then,  to  give  greater  weight  to  ob- 
servations taken  for  extended  periods  in  the  so-called  earthquake 
regions  of  our  globe,  provided  that  the  observer  had  been  fully 
equipped  with  a  thorough  scientific  knowledge  of  to-day,  and 
endowed  with  a  leaning  toward  original  research. 

Such  an  authority  I  have  taken  up  in  this  paper,  and  what  I 
shall  state  of  earthquakes  will  be  based  upon  the  particular 
theory  which  he  advances. 

Although  I  have  followed  the  subject  with  great  interest  for 
years,  my  individual  information  and  collected  data  have  been 
so  meagre  that  I  shall,  at  this  time  at  least,  leave  it  unconsid- 
ered, and  devote  myself  entirely  to  the  labors  of  a  scientist  by 
whose  writings,  notes  and  publications  I  have  been  guided. 

" Earthquakes  are  subterranean  volcanic  eruptions,  caused  by  the 
cooling  of  the  earth's  interior,  and  aided  by  the  attraction  of  the 
sun  and  moon." 

With  these  words,  Rudolph  Falb,  a  German  scientist  of 
whom  much  has  been  said  and  written  of  late,  summarizes  a 
theory,  which  to  develop  he  had  spent  long  years  of  study,  of 
laborious  research,  of  'oilsome  travel  and  conscientious  work. 

When  he  made  public  the  fundamental  principles  of  his  the- 
ory, he  did  not  lack  adversaries  who  attacked  and  held  to  ridi- 
cule his  views,  foemen  worthy  and  unworthy  of  his  lance;  and 
though  his  enthusiasm  for  the  subject  may  have  made  him  too 
sanguine  and  often  too  positive  in  his  assertions,  there  remain 
undeniable  facts  which  command  our  consideration  and  thought- 
ful study.  As  time  advances  and  more  extensive  researches 
are  made,  statistics  will  either  help  to  strengthen  or  undo  the 
fabric  Falb  has  spun;  and  whatever  may  be  said  against  his  de- 
duced laws,  it  is  certain  that  science  will  never  suffer  by  having 
such  energetic  weavers  at  its  loom. 

At  first  thought  it  strikes  one  as  though  there  were  really  noth- 
ing particularly  new  about  this  theory,  for,  the  cooling  of  our 
globe,  the  formation  of  a  crust,  the  consequent  contraction,  the 
pressure  of  the  outer  shell  upon  the  interior  mass,  the  peculiar 
atomic  condition  of  this  mass,  due  to  the  immense  and  varying 
pressure,  and  the   frequent   disturbances  interiorly,  necessarily 
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due  to  these  causes,  and  to  the  infiltration  of  water  into  fissures 
— all  these  points  had  been  brought  out  with  most  of  our  physi- 
cal theories.     The  idea  of  a  luni-solar  influence  upon  the  life  of 
our  planet,  and  its  possible  connection  with  terrestrial  disturb 
ances,  had  also  suggested  itself  to  physicists  of  an  early  date. 

The  French  savant  Perrey  held  that  there  was  a  connection  be- 
tween the  moon's  position  and  the  occurrence  of  earthquakes, 
for  he  proved  to  himself  that  these  phenomena  were  more  fre- 
quent at  the  time  of  new  and  full  moon  than  at  the  quarters; 
at  the  time  of  the  moon's  perigee  than  when  in  apogee;  and 
during  the  winter  months  of  the  northern  hemisj)here  than  dur- 
ing the  summer.  His  margin,  however,  appeared  so  small  that 
eminent  scientific  men  failed  to  perceive  therein  any  positive 
proof.  It  remained  for  Falb  to  investigate  these  phenomena 
further,  and  to  deduce  from  his  investigations  a  theory,  built  up 
step  by  step  from  fundamental  laws.  It  is  this  which  he  has 
within  recent  years  advanced,  and  which  has  found  enthusiastic 
adherents  and  violent  opponents. 

After  having  examined  his  authority  for  the  assertion  that 
earthquakes  are  subterranean  volcanic  eruptions,  we  shall  pro- 
ceed to  investigate  the  second  part  of  his  theory,  which  ascribes 
to  the  sun  and  moon  a  considerable  iufluence  in  bringing  about 
the  disturbances  which  we  feel  as  earthquakes. 

In  examining  the  principal  characteristics  of  an  earthquake 
or  tremor,  Falb  was  led  to  consider  the  following  : 

1st.  Three  distinct  modes  of  motion. — The  moto  succussorio, 
when  the  surface  of  the  earth  receives  an  impulse  normal  to  it 
and  rises  vertically;  moto  undulatorio,  when  the  surface  is  agi- 
tated in  the  manner  of  ocean  waves;  moto  vorticoso,  a  twisting 
or  whirling  motion  accompanying  violent  shocks. 

2d.  The  nature  of  the  principal  or  catastrophal  shock. — All 
observed  earthquakes  go  to  show  that  the  first  shock  or  impulse 
is  the  most  violent;  that  it  takes  place  without  any  previous  warn- 
ing, beginning  with  a  slight  tremor,  rapidly  increasing  within  a 
few  seconds  to  its  full  strength,  and  ending  with  a  sort  of  an 
explosion. 

The  duration  of  this  first  shock  is  very  short,  but  every  shock 
of  any  violence  at  all  is  always  followed  by  a  series  of  secondary 
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shocks,  which  never,  however,  reach  the  intensity  of  the  first, 
the  principal  or  catastrophal  one.  He  says  that  a  single  shock 
not  followed  by  others  is  certain  to  be  very  light. 

Falb  lays  great  stress  upon  this,  and  claims  it  as  a  certain  pri- 
mary law,  which  had  never  been  fully  recognized  and  given  the 
importance  that  it  should  commaud  iu  investigations  of  this 
character. 

The  secondary  shocks  are  usually  very  light,  and  are  most  fre- 
quent on  the  first  day  or  two  after  the  catastrophe;  they  decrease 
in  strength  from  day  to  day  until  about  the  seventh  day,  when 
they  again  increase  iu  frequency  and  strength  for  a  short  time. 
Not  any  of  these  secondary  shocks  ever  reach  the  intensity  of 
the  primary  or  catastrophal  tremor  with  which  the  series  always 
begin. 

Falb  calls  this  law  "  the  sequence  of  shocks,"  or  simply  "a 
sequence;"  basing  it  upon  numerous  observations  made  during 
long  periods  in  the  earthquake  regions  of  South  America  and  in 
Europe. 

I  have  examined  a  "  List  of  Recorded  Earthquakes  in  Cali- 
fornia, Lower  California,  Oregon  and  Washington  Territory, " 
by  Professor  E.  S.  Holden  (Sacramento,  18S7),  with  this  point 
in  view,  and  I  became  satisfied  of  the  existence  of  the  sequence. 

Take  those  cases  that  are  classed  as  destructive;  that  is,  let  us 
apply  it  to  those  instances  in  which  the  typical  character  would 
be  most  marked  and  the  record  most  reliable. 

October  8th,  1865. — Heavy  earthquake  at  San  Francisco. 
"  The  shock  was  felt  sixteen  minutes  before  one  o'clock  (p.  m.  ), 
and  lasted  perhaps  five  seconds.  It  was  almost  instantly  followed 
by  a  heavier  shock,  which  continued  for  ten  seconds  or  more." 
"  On  October  8th,  in  the  evening,  there  were  two  or  three  slight 
additional  shocks."  On  the  days  following  more  tremors  are  re- 
corded of  less  severity. 

"  October  9th. — Light  shock  at  San  Francisco.  After  this 
shock  the  earth  continued  to  vibrate  for  forty-eight  hours." 

October  12th. — "  Constaut  tremors  in  San  Francisco.  (Fuchs)  " 

October  21st,  1868. — The  great  earthquake  at  San  Francisco. 
The  sequence  of  shocks  after  the  catastrophe  at  7:53  a.m.  is 
brought  out  very  prominently.  Slighter  tremors  were  felt  all 
day,  and  for  a  number  of  days  following. 
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March  26th,  1872. — Great  Inyo  County  Earthquake,  the 
severest  of  the  century  in  California.  "The  shock  was  felt  as 
far  as  Winnemucca,  Nevada — 462  miles  east  of  San  Francisco." 
*  *  *  <<  The  shocks  continued  up  to  April  10th,  at  intervals 
of  a  few  hours,  and  in  the  mountains  near  by  explosions  were 
frequent,  resembliog  distant  artillery." 

In  the  destructive  earthquake  of  January  9th,  1857,  which  was 
felt  from  Fort  Yuma  to  Sacramento,  it  is  not  stated  that  the  vio- 
lent tremor  was  followed  b.y  others  on  the  same  day,  although  a 
number  of  shocks  are  recorded  from  day  to  day  in  various  locali- 
ties of  California,  and  strong  tremors  on  January  20th  at  Santa 
Cruz,  Fort  Tejon,  and  Mission  San  Juan.  It  is  difficult  to  say 
whether  these  shocks  could  be  admitted  as  a  sequence  of  the  dis- 
turbance on  the  9th. 

It  is  found  that  in  some  cases  a  slight  tremor  will  precede  the 
catastrophal  shock  by  some  minutes,  perhaps,  but  it  is  nowhere 
recorded  that  a  violent  or  destructive  shock  was  ever  followed 
within  a  reasonable  period  by  one  more  so.  There  is  manifest 
throughout  a  decreasing  scale  of  intensity  in  any  one  sequence 
of  disturbances. 

During  the  earthquake  period,  from  October  21st,  1868,  to 
November  16th,  there  are  about  fifty  shocks  recorded  that  are 
headed  by  the  catastrophe  on  the  morning  of  the  21st.  Those 
who  have  felt  these  shocks  know  that  in  their  very  perceptible 
sequence  not  one  of  the  secondary  impulses  ever  reached  the 
intensity  of  the  starter  on  the  morning  of  October  21st;  that  the 
primary  shock  was  not  preceded  by  light  tremors  to  give  warn- 
ing, as  it  were,  but  that  it  came  suddenly,  with  all  its  terrible 
consequences,  to  throw  the  city  into  the  greatest  excitement 
within  a  moment's  time.  For  this  particular  case,  therefore,  we 
would  have  no  reason  to  mistrust  the  law  of  sequence,  which  is 
a  portion  of  the  foundation  upon  which  the  Falb  theory  rests. 

3d.  The  noise  which  usually  accompanies  an  eaithshock. — 
This  peculiar  rumbling  generally  precedes,  but  may  also  follow, 
a  series  of  shocks.  Its  volume  does  not  seem  to  be  proportional 
to  the  strength  of  the  oscillation — it  may  even  be  lacking  en- 
tirely. The  tremendous  noise,  known  as  el  gran  ruido,  is  said 
by  Humboldt  to  have  occurred  from  eighteen  to  twenty  minutes 
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after  a  catastrophe,  without  any  trembling  of  the  earth  at  the 
time  of  the  noise.  It  is  also  mentioned  by  him  as  having  occur- 
red in  Guanaxuato,  lasting  from  the  9th  of  January,  1784,  for 
over  a  month,  causing  the  greatest  excitement  among  the  inhab- 
itants, who  fled  from  the  town  in  terror;  and  vet  no  other  phe- 
nomenon accompanied  or  followed  this  noise.  Not  the  slight- 
est earth  tremor  had  been  felt  during  this  strange  occurrence, 
or  after  it. 

4th.  The  electrical  condition  of  the  atmosphere  during  heavy 
shocks,  which  may  manifest  itself  in  lightning-like  flashes,  that 
illumine  certain  quarters  of  the  heavens. 

"  During  the  long  tremors  of  the  earth  in  the  Piedmontese 
valleys  of  Pellis  and  Clusson,  the  greatest  change  in  the  elec- 
trical tension  of  the  atmosphere  was  noted,  although  the  sky 
had  been  clear.'" — Humboldt — Eosmos. 

5th.  Tidal  Waves. — It  has  been  frequently  observed  that  after 
a  heavy  earthquake  near  the  seacoast,  immense  waves  would 
approach  the  coast,  encroaching  upon  the  land  much  further 
than  any  of  the  known  high  waters.  During  our  great  earth- 
quake in  October,  1868,  there  was  noted  "  an  unusual  commo- 
tion in  the  sea,  and  the  waves  came  fifteen  or  twentj*  feet  fur- 
ther inland  than  usual." — (Holden's  List  of  Kecorded  Earth- 
quakes.) 

Falb  distinguishes  three  different  kinds  of  flood  waves,  de- 
pending in  their  character  upon  the  position  of  the  central  point 
of  the  impulse  in  reference  to  the  shore  line;  that  is,  the  earth- 
quake is  either  far  out  at  sea,  or  at  sea  near  the  coast  line,  or 
on  the  coast  near  the  seashore.  The  propagation  of  the  wave 
would  depend  upon  the  location  of  the  center  of  the  disturb- 
ance. Fifteen  minutes  may  elapse  betweeu  the  time  of  the 
primary  shock  and  the  approach  of  the  tidal  wave. 

Gth.  Changes  in  the  level  of  the  coast  and  sea  bottom,  as 
well  as  changes  in  direction  of  ocean  currents. — This  has  been 
observed  after  severe  catastrophal  shocks  near  the  seacoast. 

7th.  Heavy  rainshowers  after  an  earthquake. — Humboldt 
mentions  the  fact  that  in  tropical  America,  rain  would  fall  at 
unusual  periods,  following  l^eavy  earthquakes,  and  that  the 
natives  look  to  oft-recurring  tremors  as  indicating  a  fruitful 
season. 
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8th.  The  area  over  which  the  tr.ernors  are  distributed. — An 
earthquake  felt  in  a  certain  locality  is  most  violent  (though  not 
most  destructive)  in  one  particular  point,  called  the  epicentrum, 
which  receives  the  first  impulse  vertically  from  below.  From  it 
circular  waves  are  transmitted,  which  decrease  in  intensity  as 
they  leave  this  center.  The  vertical  motion  must  be  greatest  in 
amount  at  the  epicentrum,  from  which  the  horizontal  motion 
begins.  But,  although  the  intensity  of  the  latter  decreases  at  a 
certain  ratio,  there  must  be  at  some  distance  from  the  center  a 
locality,  in  which  the  most  destructive  effect  is  felt,  for  it  is  ap- 
parent that  horizontal  motion  is  more  destructive  than  vertical 
motion,  and  destructiveness  is  the  characteristic  which  appeals 
more  directly  to  our  senses.  Outside  of  this  circle  the  intensity 
of  the  wave  rapidly  decreases,  until  the  effect  is  no  longer  per- 
ceptible. 

The  area  of  tremor  becomes  of  great  importance,  because  from 
it  we  may  draw  some  conclusions  as  to  the  depth  from  which  the 
shock  originated.  Various  methods  have  been  devised  for  com- 
puting the  depth  of  the  focal  point,  but  I  am  not  prepared  to 
say  that  any  of  them  lead  to  very  trustworthy  results.  As  earth- 
quakes are  more  generally  observed,  a  method  will  be  found  by 
which  the  elements  in  the  case  can  be  more  accurately  deter- 
mined. Our  present  theories  suffer  from  a  lack  of  sufficient 
data,  but  science,  which  has  devised  them,  would  soon  perfect 
them,  were  it  furnished  with  the  necessary  amount  of  material, 
without  which  theories  remain  uncertain.  It  may  be  of  interest 
to  state  the  depths  at  which  the  focal  point  has  been  estimated. 
In  a  number  of  cases  in  Europe,  where  the  results  may  approach 
the  truth,  depths  have  been  computed  at  ten,  thirteen,  and  twenty 
miles.  The, Charleston  earthquake  has  been  estimated  at  about 
twelve  miles.  But  the  cause  of  the  shock,  in  all  these  cases, 
must  be  looked  for  at  still  greater  depths. 

It  has  also  been  observed  that  the  area  of  tremor  is  more  or 
less  elliptical.  Humboldt  says  that  the  "  Transmission  usually 
takes  place  in  linear  direction,  wave-like,  in  circles  or  large 
ellipses  of  tremor,  in  which,  as  from  a  common  center,  the  vi- 
brations are  transmitted  with  decreasing  intensity  towards  the 
circumference." 
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Falb  holds  that  these  waves  generally  tend  to  spread  in  the 
direction  of  the  axis  of  the  mountain  range  near  which  the  shock 
occurs,  and  that  this  tendency  would  cause  to  make  the  area 
more  or  less  elliptical. 

9th.  The  distribution  of  earthquakes  locally. — We  all  know 
that  earthquakes  do  not  occur  with  equal  frequency  in  every 
part  of  the  globe.  There  are  localities  where  they  never  occur, 
others  where  they  are  periodically  felt,  and  regions  where  they 
are  a  common  occurrence.  Where  there  are  high  mountain 
ranges,  they  generally  take  place  with  greatest  frequency  and 
force,  particularly  near  the  equator;  in  the  tropics  are  these  phe- 
nomena most  numerous,  while  the  temperate  zone  is  compara- 
tively free  from  them.  In  the  vicinity  of  active  volcanoes  a 
trembling  of  the  earth  is  quite  a  common  occurrence. 

10th. — The  frequency  of  earthquakes  in  reference  to  the 
months  of  the  year,  which  will  require  our  attention  further  on. 

Having  the  ten  conditions  just  enumerated  before  him,  Falb 
began  to  propound  a  theory  in  which  each  should  be  fully  re- 
cognized and  duly  accounted  for  as  an  existing  factor.  All  earth- 
quake theories  heretofore  advanced  do  not  satisfactorily  explain 
these  accompanying  phenomena,  which  a  long  experience  in  this 
specialty  had  taught  him  as  unmistakably  connected  with  vio- 
lent tremors  of  the  earth. 

The  factors  we  have  brought  out  in  the  preceding  paragraphs 
are  the  foundation  stones,  hewn  by  Falb  during  years  of  indus- 
trious and  energetic  labor;  upon  them  he  built  his  final  theory, 
and  whether  this  building  will  stand  or  fall,  will  depend  in  great 
measure  upon  the  soundness  of  the  blocks  which  constitute  the 
foundation. 

Of  earlier  theories,  and  there  were  several  (we  do  not  need  to 
enumerate  them),  one  held  that  vapors  produced  by  the  earth's 
molten  interior  exerted  a  pressure  against  the  crust,  aud  that 
volcanoes  are  the  safety  valves  that  prevent  this  force  from  burst- 
ing the  shell  of  the  earth. 

It  was  usual  to  ascribe  earthquakes  to  different  causes,  and  a 
particular  distinction  was  made  between  two  kinds  of  disturb- 
ances: volcanic  earthquakes  and  those  not  of  volcanic  origin. 
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We  quote  from  Humboldt,  Kosmos:  "Heavy  earthquakes  are 
felt  in  localities  where  there  are  inactive  or  even  active  volcanoes, 
without  stimulating  the  latter  to  any  perceptible  activity.  During 
the  great  catastrophe  of  Kiobainba  the  volcanoes  Tungurahua, 
near  by,  and  the  somewhat  more  distant  Cotopaxi,  remained  in- 
active. Contrarily,  volcanoes  have  been  violently  eruptive  for  long 
periods,  and  neither  before  nor  during  the  eruption  have  earth 
tremors  been  felt.  The  most  destructive  earthquakes  that  his- 
tory records,  those  which  have  agitated  thousands  of  square 
miles,  are  the  very  ones  that  have  had  no  perceptible  connection 
with  the  activity  of  volcanoes.  These  have  of  late  been  called 
plutonic  earthquakes,  to  distinguish  them  from  those  of  volcanic 
origin,  which  are  generally  confined  to  areas  of  small  extent. 
In  consideration  of  the  more  general  views  regarding  volcani- 
city,  this  nomenclature  can  not  be  sanctioned.  The  greater  num- 
ber of  earthquakes  upon  our  planet  should  be  termed  plutonic.5' 
Then  Humboldt  groups  the  phenomena  in  three  characteristic 
types  : 

1.  Earthquakes  confined  to  areas  of  small  extent,  evi- 
dently due  to  the  activity  of  a  volcano.  He  has  observed  them 
himself,  while  sitting  near  the  crater  of  Mount  Vesuvius,  to  pre- 
cede frequent  eruptions  of  hot  clinker.  These  slight  earth 
tremors,  felt  at  regularly-recurring  intervals,  were  only  notice- 
able in  the  immediate  vicinity  of  the  crater. 

2.  "A  most  important  group,  frequently  occurring:  Earth- 
quakes which  may  accompany  or  precede  volcanic  eruptions,  be 
it,  that  the  volcanoes  bring  forth  lava  streams,  as  our  European 
mountains,  or,  like  Cotopaxi,  Pinchincha  and  Tungaragua  of 
the  Andes  chain,  only  clinkered  masses,  ashes  and  vapors.  For 
this  group  volcanoes  are  looked  upon  as  'safety-valves.'  The 
earthquakes  cease  when  the  great  eruption  has  taken  place." 

3.  "  The  most  general  group,  however,  is  that  of  which  the 
tremors  disturb  non-volcanic  and  volcanic  countries  alike,  with- 
out influencing  the  volcanoes  existing  in  the  latter.  These 
phenomena  remind  one  most  convincingly  of  a  common  cause  to 
be  looked  for  in  the  thermal  condition  of  our  planet's  interior." 

And  he  finally  concludes  by  saying:  "I  have  thought  it 
useful  to  enumerate  all  the  differing  manifestations  of  the  same 
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volcanic  agency  (the  reaction  of  the  earth's  interior  against  its 
surface),  to  aid  the  observer  in  creating  a  material  which  might 
ultimately  lead  to  fruitful  results  regarding  the  causal  connec- 
tion of  these  varying  phenomena.  Sometimes  the  volcanic 
activity  embraces  at  the  same  time,  or  in  closely-following  peri- 
ods, so  vast  a  portion  of  the  earth  that  the  tremors  at  the  surface 
may  be  attributed  to  several  causes  individually  related." 

I  have  here  extracted  at  length  from  Humboldt's  "  Kosmos," 
because  it  illustrates  the  diverging  views  that  existed  at  that 
time,  and  shows  that  that  great  man,  to  whom  every  theory  in 
physical  science  was  known,  did  not  surmise  in  what  manner 
effects  so  much  at  variance  with  each  other  might  be  traced  to  a 
common  cause.  Is  there  an}-  more  reason  for  attributing  earth- 
quake phenomena,  which  are  in  the  main  exactly  similar,  to 
different  origin,  than  it  would  be  to  ascribe,  for  instance,  rain- 
showers  to  one  cause  to-day  and  to  another  to-morrow,  because 
the  accompanying  conditions  may  be  at  variance  ? 

Here  Falb  takes  a  decided  and  positive  stand.  Earthquakes 
have  only  one  cause—  the}'  are  all  of  volcanic  origin,  whether 
there  be  volcanoes  active  or  inactive  or  none  at  all;  whether 
they  occur  in  mountain  regions  or  on  plains,  in  the  Andes  or 
on  the  Nether  Rhine;  whether  they  create  the  wildest  excite- 
ment in  San  Francisco,  or  death  and  destruction  at  Charleston, 
the  cause  is  always  aud  invariably  the  same.  And  that  which 
causes  an  earthquake  also  causes  volcanic  eruptions  perceptible 
to  the  sight.  These  two  phenomena  are  of  the  same  origin; 
they  are  links  in  the  same  chain  of  events;  members  of  the 
same  family  in  three  generation:  for  disturbances  in  the  earth's 
interior  beget  volcanic  eruptions,  and  volcanic  eruptions  beget 
earthquakes. 

We  begin  to  see  now  what  Falb  means  by  the  conclusion  tbat 
heads  this  paper:  "  Earthquakes  are  subterranean  volcanic  erup- 
tions " — and  that,  of  course,  necessitates  the  supjDosition  that 
under  the  surface  of  the  earth  there  exist  volcanoes,  subterranean 
craters,  at  greater  or  less  depth  beneath  our  feet,  which  are  not 
in  any  way  perceptible  to  us  on  the  surface. 

Before  proceeding  further,  it  is  well  to  state  that  the  main 
foundation  of  Falb's  theory  is  this:  that  our  earth  still  is  and 
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always  lias  been  a  cooling  globe;  that  it  was  at  one  time  a  fiery 
ball,  and  that  by  gradual  cooling  the  hardening  crust  has  con- 
stantly encroached  upon  the  interior  heated  mass.  I  am  aware 
that  we  can  furnish  no  other  proof  for  this  than  that  which  was 
made  the  fundamental  principle  of  the  evolution  of  planetary 
worlds  as  advanced  by  Kant  and  Laplace.  Conclusions  have 
been  brought  out  that  the  earth's  shell  must  be  of  immense 
thickness;  and,  based  upon  physical  principles,  the  announce- 
ment has  been  made  that  the  earth  may  even  be  solid  altogether. 
Yet,  of  all  theories  regarding  the  earth's  crust,  it  is  admitted,  as 
Dana  says,  that  a  liquid  interior,  or  a  liquid  layer  between  the 
crust  and  a  solid  nucleus,  as  argued  by  Hopkins,  will  meet  all 
requirements  of  geological  science. 

The  conception  of  an  interior  fluid  washing  the  inner  surface 
of  the  crust  does  not  seem  to  present  a  probable  condition. 
Geological  investigations  have  shown  that  the  shell  of  the  earth 
may  be  a  thousand  miles  thick,  and  the  tremendous  pressure  of 
such  a  layer  must  cause  peculiar  atomical  and  chemical  condi- 
tions interiorly  of  which  we  can  form  no  very  accurate  concep- 
tion. The  heat,  as  the  result  of  the  pressure,  must  become  so 
great  as  we  descend,  that  at  a  certain  depth  difficult  to  deter- 
mine, it  must  be  sufficient  to  fuse  all  solid  matter.  But  the 
high  degree  of  pressure  would  in  itself  be  a  cause  to  prevent 
that  very  condition  which  is  necessary  to  our  comprehension  of 
a  fluid,  i.  e.,  that  the  particles  must  be  free  to  move  around 
each  other.  It  is  readily  seen,  that  any  variation  in  pressure 
would  disturb  the  equilibrium  which  holds  gases  and  fluids  in 
such  critical  condition.  Every  disturbance  would  necessitate 
an  adjustment,  and  the  manner  of  this  adjustment  is  volcanic 
action. 

[Later  antagonistic  theories  dispute  the  necessity  of  a  direct 
volcanic  action  for  such  adjustment.  The  idea  of  separate  causes 
for  earthquakes  of  different  degrees  of  violence  is  still  clung  to, 
and  it  is  claimed  that  the  so-called  tectonic  earthquakes  have 
nothing  whatever  to  do  with  our  globe's  volcanic  activity.] 

To  proceed:  We  shall  assume  that  condition  of  the  earth's 
interior,  which  Falb  has  made  the  basis  of  his  theory,  and  ex- 
plain volcanicity  as  a  cosmical  phenomenon,  the  direct  result  of 
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a  cooling  process  which  fiery  fluid  masses  undergo  as  they  radi- 
ate their  heat  into  space.  This  holds  good  for  all  celestial  bodies 
that  are  hurled  along  their  endless  paths.  Cooling  means  con- 
traction, and  consequently  an  increasing  pressure  upon  the 
interior  mass.  This  contraction  on  the  one  side  and  expansion 
on  the  other,  are  two  eternal  forces  at  war,  two  cyclops  doing 
battle  in  the  infinite  fields  of  the  universe. 

Analogous  processes  have  been  observed  on  the  sun.  The 
flame-shaped  protuberances,  extending  from  the  circumference 
of  that  mighty  orb,  are  known  to  be  driven  up  masses  of  hot 
hydrogen  gas.  During  a  solar  eclipse  they  appear  to  us  like 
the  jets  of  plutonic  fountains,  casting  their  fiery  spray  into  the 
sombre  region  of  dismal  space.  What  we  behold  is  an  eruption 
on  the  mightiest  scale.  We  witness  the  battle  of  the  two  cos- 
mical  forces  where  both  combatants  are  in  vigorous  action,  and 
where  the  fury  of  the  fray  is  thrown  against  the  solar  sky,  like 
the  smoke  that  arises  from  a  battle-field  of  nations.  Upon  our 
earth  one  of  the  cyclops  is  a  prisoner;  contraction  holds  him 
bound,  but  it  has  not  at  all  subdued  him.  There  are  times  when 
he  is  aroused  to  renewed  and  fearful  activity,  when  he  may 
break  forth  from  his  cell,  carrying  death  and  destruction  before 
him;  or,  in  his  attempt  to  break  his  fetters,  he  may  shake 
the  prison  walls  until  they  tremble  from  foundation  to  bastion. 
Yet,  mastery  rests  with  the  giant  contraction;  he  is  as  inevi- 
table as  death,  the  victory  must  ultimately  be  his.  Look  to  the 
moon!  The  war  there  is  ended,  the  last  battle  has  been  fought 
ages  ago.  When  her  pale  light  illumines  the  battle-field,  we 
see  the  evidences  of  the  fight.  Numerous  cavities  and  craters, 
pit-like  openings,  seem  as  though  the  fury  of  the  battle  had  fur- 
rowed them;  circular  wall-like  mountains  surrounding  a  central 
range  appear  to  us  like  the  ruins  of  gigantic  fortresses,  thrown 
up  when  the  enemies  brought  all  their  forces  into  action.  And 
now  the  lunar  mountains  cast  their  spectral  shadows  over  the 
valleys  of  cosmic  death.  Volcanicity,  the  sign  of  cosmic  life, 
has  disappeared.  This  must  be  the  inevitable  fate  of  every  body 
that  is  hurled  through  space.  The  future,  therefore,  predicts  an 
ultimate  end  of  the  universe,  when  contraction,  with  its  icy 
grasp,  has  throttled  the  life  out  of  every  world  therein.      But  ex- 
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pansion  has  been  storing  new  forces  in  another  region,  which 
will  be  brought  out  in  their  turn.  This  is  the  heat  radiated 
into  space  of  which  nothing  has  been  lost.  This  heat  is  an  ever- 
increasing  force,  a  mode  of  atomic  motion  of  some  subtle  ele- 
ment, upon  the  capabilities  of  which  we  can  only  conjecture. 
It  may  inspire  new  cosmic  life  to  worlds  that  are  to  come,  and 
store  a  fresh  vitalit}'  for  new  spheres  from  the  departed  energy 
of  the  old;  so  that  cosmic  death  may  mean  cosmic  life — an 
eternal  cycle  of  changes  without  beginning,  without  end.  And 
thus  an  endless  chain  of  ever-recurring  events  in  the  cos- 
mogony is  conceivable.  It  is  "a  circle  that  ever  returneth  into 
the  self-same  spot."  With  light  and  life  the  young  phoenix 
arises  from  the  ashes  of  the  old;  with  light  and  life  the 
triumphant  conqueror  is  heralded  into  the  vastness  above,  be- 
low and  everywhere. 

Volcanicity,  therefore,  is  the  vital  principle  in  the  life  of  our 
earth.  It  is  manifested  to  us  in  terrestrial  disturbances,  visible 
as  in  an  eruption,  or  perceptible  as  in  an  earthquake.  To  prove 
the  similarity  between  the  former  and  the  latter,  Falb  first 
attempts  to  demonstrate  how  a  volcanic  eruption  is  brought 
about;  then  gives  a  physical  reason  for  each  characteristic  fea- 
ture; and  finally  endeavors  to  show  that  the  two  phenomena  are 
analogous. 

The  shell  of  the  earth  must  be  conceived  as  perforated  by 
canals,  rent  by  deep  cracks  and  fissures,  a  natural  consequence 
of  the  very  vigorous  volcanic  action  when  our  planet  was  younger 
and  the  crust  thinner.  Some  of  the  flue-like  passages  may  reach 
the  surface,  or  they  may  terminate  below  without  an  exterior 
outlet. 

The  volcanic  force  cannot  break  through  the  immense  shell  of 
the  present;  it  cannot  effect  new  passages,  but  will  rather  con- 
fine itself  to  and  seek  the  direction  of  the  old  highways.  These 
are  most  likely  to  terminate  in  those  regions  where,  in  the  early 
history  of  our  planet,  it  offered  the  least  resistance  to  the  in- 
ternal force.  Deep  fissures,  although  covered  by  surface  layers, 
will  thus  be  apt  to  remain  the  roadways,  particularly  if  the 
water  have   free  access,  and  by  infiltration  keep  the  material 
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saturated — a  likely  condition  near  the  seacoast,  where  water  may 
be  infiltrated  to  great  depths.  This  moisture  may  be  vaporized 
by  the  heat  of  ascending  lava,  and  the  resulting  pressure  would 
be  a  factor  to  keep  these  openings  free. 

Lava,  as  emitted,  is  described  by  Falb  as  a  product  resulting 
from  the  melting  of  materials  forming  the  earth's  crust  (matter 
which  had  already  been  solidified),  and  brought  up  from  all 
depths  in  a  fluid  state,  but  never  is  it  a  part  of  the  fiery  fluid 
kernel  itself.  He  says  that  heat  emitted  from  the  latter  pene- 
trates into  the  deeper  fissures  and  melts  the  solid  material  ad- 
hering to  the  walls  of  the  cavities  and  passages.  These  smelted 
products  are  of  lighter  specific  gravity  than  the  central  mass 
subjected  to  the  immense  pressure  of  the  crust,  and  therefore 
constitute  the  surface  of  the  interior  kernel,  which  is  cast  out  as 
lava.  This  also  accounts  for  the  diversity  of  the  chemical  com- 
binations of  the  lava  of  different  volcanoes,  depending  as  it  does, 
upon  the  mineralogical  character  of  the  underlying  strata  of  the 
crust. 

The  pressure  which  cooling  and  contraction  exert  upon  the  in- 
terior mass,  forces  this  lava  into  hollow  cavities  and  passages 
that  communicate  with  the  exterior  layers  of  the  shell.  Falb 
compares  this  process  with  the  rising  and  falling  of  a  barometer, 
for  with  a  constantly  varying  pressure  the  lava  column  may  be 
conceived  as  constantly  either  rising  or  falling.  If  in  its  ascent 
it  come  in  contact  with  the  infiltrated  water  from  above,  vapors 
and  gases  will  be  generated,  which  will  cause  to  increase  the  up- 
ward pressure  against  the  solid  material  choking  the  passage, 
and  likewise  exert  a  pressure  against  the  ascending  column. 
The  rising  lava  compresses  the  gases  between  it  and  the  stopper 
in  the  tube,  and  this  process  may  quietly  go  on  beneath  our  feet, 
and  nothing  indicate  to  us  the  approach  of  the  secret  enemy. 
The  stopper,  consisting  of  volcanic  debris,  clinker  and  stone, 
is  gradually  pushed  upwards;  between  its  interstices  there  may 
at  first  be  some  escape,  which  will  amount  to  but  little  when  we 
consider  the  ever-increasing  force  under  it,  for  the  nearer  the 
lava  gets  to  the  surface,  the  more  of  the  infiltrated  water  will 
be  vaporized,  and  the  pressure  correspondingly  increased.  The 
heat,  too,  will  have  the  effect  of  melting  together  the  masses  of 
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the  stopper,  and  this  accomplished,  the  exit  of  the  canal  is 
hermetically  sealed. 

During  all  this  time  no  earthquake  will  be  felt,  no  trembling 
to  give  fair  warning  of  a  catastrophe  approaching,  that  in  the 
history  of  the  world  has  time  and  again  caused  death  and  dis- 
aster, and  laid  waste  fertile  plains  and  thriving  cities.  Hercu- 
laneum  and  Pompeii  lay  buried  for  centuries  under  the  mantle 
of  death,  which  relentless  nature  had  cast  over  them.  Little 
did  the  inhabitants  think  of  the  dire  calamity  in  store  for  them, 
while  in  earths  deepest  recesses  the  preparations  were  going  on 
that  we  have  described,  until  the  rising  lava  and  its  precursory 
gases  and  vapors  had  brought  about  that  degree  of  pressure 
necessary  to  remove  with  violence  all  the  material  closing  the 
mouth  of  tli^flue,  like  forcing  the  cork  from  the  mouth  of  a  bottle, 
when  the  eruption  followed  with  its  indescribable  horrors  so  sud- 
denly that  there  was  no  escape  from  the  far-reaching  finger  of 
fiery  death. 

If,  as  in  this  case,  the  flue  or  canal  reach  the  surface,  nearly 
all  the  energy  is  imparted  to  the  air,  and  we  have  a  visible  vol- 
canic eruption. 

The  cast  up  materials  appear  in  regular  order.  First  of  all 
the  stopper  flies  out,  the  choking  volcanic  debris,  which  had  ac- 
cumulated in  the  passage  and  effectually  closed  it;  then  follow 
the  gases  and  vapors,  which,  rising  over  the  mountain,  suddenly 
cool,  thereby  causing  rain-showers  with  electric  phenomena, 
lightning  flashes  followed  by  loud  thunder  peals;  the  fine  ashes 
melted  by  the  hot  vapors  causes  a  most  general  occurrence,  the 
outburst  of  mud;  then  follows  the  lava  stream,  which  will  quietly 
flow  from  the  orifice  like  an  overflow  of  the  Styx. 

In  cases  where  after  the  outburst  of  mud  lava  does  not  flow, 
this  reason  is  given:  the  lava  column  has  already  receded,  that 
is,  the  upward  pressure  is  no  longer  sufficient  to  raise  it  to  the 
required  height.  This  is  the  case  in  localities  where  volcanicity 
.is  decreasing  in  intensity.  Such  localities  may  show  lava  beds 
of  past  ages  buried  under  later  deposits;  the  falling  off  of  the 
temperature  of  the  deeper  regions  has  lessened  the  volcanic 
activity,  and  at  recent  periods  lava  has  not  been  brought  to  the 
surface. 
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It  has  been  observed,  however,  that  if  an  eruption  occurs  after 
a  long  rest  of  a  still  vigorous  volcano,  lava  will  generally  flow. 

But  to  return  to  the  eruption:  After  the  lava  stream  ceases, 
it  will  slowly  retreat,  that  is,  fall  in  the  tube,  and  air  will  rush 
into  the  empty  canal  of  the  crater.  A  vigorous  upward  current 
will  be  created,  assisted  by  ascending  gases,  and  this  will  cause 
a  scouring  of  the  walls  of  the  canals  and  passages  leading  from 
the  orifice  downward,  and  all  those  diverse  products  of  combus- 
tion adhering  to  the  walls  will  be  carried  upward  into  the  air, 
and  descend  as  a. dry  rain  of  volcanic  ashes. 

After  the  retreat  of  the  lava,  earthquakes  are  felt;  at  first  and 
in  some  cases  only  in  the  vicinity  of  the  summit  perceptible, 
they  after  a  time  shake  the  neighborhood  surrounding  the  foot 
of  the  mountain  frequently  and  with  more  or  less  violence. 

Falb  accounts  for  these  tremors,  and  traces  their  origin  to  the 
following  causes: 

While  the  lava  column  is  retreating,  bubbles  of  gases  and 
vapors  will  rise  from  its  lower  depths  to  its  surface,  like  the 
carbonic  acid  in  a  champagne  bottle  after  drawing  the  cork.  As 
long  as  the  cork  was  there,  this  could  not  happen,  but  when  the 
obstacle  is  forcibly  removed  and  the  pressure  released,  and  the 
lava  slowly  retreating  and  gradually  cooling,  gases  will  develop 
and  rise  from  all  depths  of  the  column,  winding  their  way  up  to 
the  surface,  where  these  bubbles  will  burst  with  a  violent  ex- 
plosion, whereby  clinker  and  fluid  particles  are  hurled  up  to 
considerable  height.  Bubble  after  bubble  will  follow  rapidly 
upon  each  other,  and  the  explosions  therefore  may  be  observed 
at  regular  closely  following  intervals. 

This  explains  the  characteristic  which  Humboldt  observed,  to 
which  we  have  referred  heretofore,  tremors  which  he  noticed 
following  closely  upon  each  other,  while  sitting  near  the  crater 
of  Mount  Vesuvius  after  an  eruption. 

It  is  hardly  necessary  to  state  here,  that  the  height  of  the 
lava  column  at  the  time  will  determine  the  elevation  at  which 
the  grouud  is  observed  to  tremble,  for  if  these  explosions  should 
occur  above  the  level  of  the  surrounding  plain,  earthquakes  will 
be  felt  on  the  mountain  only,  but  if  the  lava  have  sunk  to  a  suf- 
ficient depth,  the  locality  in  the  vicinity  of  the  volcano  will  feel 
them. 
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Tremors  of  this  kind  will  last  for  several  days,  depending 
upon  the  speed  at  which  the  lava  recedes.  The  character  of  the 
eruption  qualities  the  degree  of  violence  and  the  frequency  of 
these  shocks. 

It  is  noticed  how  much  at  variance  this  theory  is  in  one  re- 
spect with  the  ideas  of  older  test  books,  which  taught  that  vol- 
canoes did  duty  as  a  sort  of  a  safety  valve  to  the  great  boiler 
(designed  on  purpose  possibly  to  protect  mortality),  and  that 
earthquakes  cease  after  the  eruption  has  taken  place — when  the 
steam  has  been  blown  off.  Even  Humboldt  makes  that  state- 
ment, but  it  is  now  safe  to  assume  that  this  is  not  so.  Earth- 
quakes follow  an  eruption  very  likely  in  every  case,  but  they 
are  not  always  perceptible  except  in  the  immediate  neighbor- 
hood of  the  volcanic  outburst.  The  tremors  do  not  cease,  but 
rather  begin  after  the  eruption. 

In  volcanoes  that  have  been  inactive  for  centuries,  where  the 
exit  has  been  so  effectually  closed  as  to  resist  the  pressure,  the 
most  violent  earthquakes  may  shake  the  vicinity  of  the  mountain 
and  the  eruption  fail.  Or,  if  the  impulse  be  of  sufficient  mo- 
ment, a  vast  portion  of  the  side  of  a  mountain  may  be  carried 
away,  if  it  offered  less  resistance  to  the  attacking  force  than  the 
sealed  outlet  of  the  old  flue.  In  such  an  event  all  the  phenom- 
ena we  have  described  will  be  manifested,  except  perhaps  the 
eruption  of  lava,  which  in  the  case  of  an  old  volcanic  region,  is 
not  always  a  necessary  feature,  for  reasons  already  given.  But 
all  the  other  usual  characteristics  will  follow  in  their  order  after 
the  terrible  explosion;  the  outburst  of  mud  and  of  stones, 
carried  away  to  considerable  distance,  flashes  of  lightning,  rain- 
showers,  and  the  final  descent  of  the  ashes,  which  adds  that 
sombre  darkness  to  all  the  horrors  of  this  fearful  and  awe-inspir- 
ing scene,  together  with  indescribable  noises  and  the  hissing  of 
numerous  jets  of  steam,  proceeding  from  the  opened  fissures 
and  canals  that  lead  to  the  interior  vaults  of  our  earth's  myste- 
rious laboratory. 

From  all  such  facts  as  we  have  thus  described  and  brought  out, 
our  authority  has  come  to  the  following  conclusions,  which  find 
their  foundation  in   his  carefully  collected  data.     We  have  all 
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been  acquainted  with  the  greater  number  of  them,  for  they  have 
been  mentioned  in  connection  with  other  theories  before,  but  I 
shall  again  give  them,  taking  them  in  the  order  in  which  Falb 
enumerates  them,  to  show  each  link  in  the  chain  of  events,  and 
to  give  us  a  clear  undertanding  of  his  theory. 

(1.)  Volcanoes  generally  appear  in  rows  along  a  straight  line; 
explained  by  subterranean  fissures. 

(2.)  They  are  almost  exclusively  near  the  sea;  explained  by 
the  infiltrated  water  coming  in  contact  with  the  rising  lava. 

(3.)  Some  time  before  an  eruption  the  smoke  from  the  mount- 
ain increases;  explained  by  the  interstices  in  the  choking  mate- 
rial which  closes  the  outlet. 

(4.)  Shortly  before  the  eruption  the  smoke  entirely  disappears; 
explained  by  the  melting  together  of  this  mass. 

(5.)  All  is  quiet  before  the  eruption;  explained  b}'the  pressure 
of  the  lava  from  gases  between  it  and  the  stopper. 

(6.)  Solid  masses  are  , first  thrown  out  with  the  eruption;  ex- 
plained by  the  choking  mass  referred  to. 

(7.)  Local  rain-showers  with  lightning  and  thunder  follow;  ex- 
plained by  the  condensation  of  aqueous  vapors. 

(8.)  Eruptions  of  mud  follow;  explained  by  the  mingling  of 
vapors  with  the  fine,  ash-like  dust  in  the  flue. 

(9.)  The  eruption  of  lava  is  not  always  necessary;  explained 
by  the  retreat  of  the  lava  after  the  release  from  the  pressure  of 
gases  and  vapors. 

(10.)  An  upheaval  of  fine  ashes  completes  the  eruption;  ex- 
plained by  a  current  of  air  scouring  the  flue,  and  the  formation 
of  ashes  after  the  descent  of  the  lava. 

(11.)  After  the  eruption  earthquakes  occur;  explained  by  the 
explosive  activity  on  the  surface  of  the  lava  now  relieved  of  all 
pressure. 

(12.)  Between  the  eruption  of  the  volcano  and  the  earthquakes 
in  its  vicinity  several  hours  elapse;  explained  by  the  time  re- 
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quired  for  the  lava  to   sink  below  the  level  of  the  foot  of  the 
mountain. 

(13.)  The  earthquakes  are  numerous  and  follow  in  rapid 
succession;  explained  by  the  very  active  emission  of  gases  and 
vapors  from  the  lava,  as  soon  as  the  tremendous  pressure  above 
it  is  removed. 

The  earthquakes  which  are  generally  felt  after  an  eruption 
led  Falb  to  seek  a  connection  between  them  and  those  second- 
ary shocks  of  a  sequence  that  follow  the  catastrophal  shock.  If 
the  sudden  outburst  of  a  volcano  be  assumed  as  the  primary 
impulse,  tb?f  earthquakes — which  are  felt  either  on  the  mountain 
or  in  the  vicinity  of  its  base  after  the  eruption  —  are  nothing 
more  or  less  than  the  sequence  of  secondary  shocks  that  follow 
in  the  wake  of  the  principal  tremor  that  heads  the  list.  Exactly 
similar  conditions  have  produced  these  phenomena,  but  their 
origin  in  the  latter  case  is  not  so  apparent. 

If  we  grant  the  existence  of  subterranean  volcanoes  and  their 
capabilities  of  becoming  eruptive,  we  shall  have  no  difficulty  in 
explaining  every  tremor  that  disturbs  the  earth. 

As  the  cooling  of  our  planet  continues,  the  time  must  come 
when  volcanic  action  has  ceased  to  be  a  visible  phenomenon 
at  all;  when,  far  distant  though  it  may  seem,  even  the  volcanic 
mountains  themselves  will  have  been  leveled  to  their  founda- 
tions by  the  action  of  the  water  and  air.  Cities  and  villages 
may  thrive  in  the  very  localities  where  to-day  nature's  battles 
are  fought  with  unremitting  violence.  But  in  that  dim  future 
the  great  forces  of  the  lurking  enemy  are  not  all  subdued. 
They  are  yet  there,  in  prison  walls  beneath  our  feet,  better 
secured  perhaps,  but  still  capable  of  raising  an  occasional  rebel- 
lion. This  far-off  period  is  sure  to  come;  slowly  and  imper- 
ceptibly to  us,  for  nature  in  her  great  works  knows  no  limit  of 
time.  If  the  lava  in  its  subterranean  canals  can  no  longer  be 
raised  to  the  surface,  it  may  yet  rise  to  a  certain  height,  de- 
pending upon  the  intensity  of  the  lifting  force;  and  as  it  is 
brought  in  contact  with  sub-surface  moisture,  resulting  vapors 
will  cause  eruptions  at  a  greater  or  less  depth  beneath  our  feet. 
When  volcanic  activity  can  no  longer  be  seen,  it  will  still  be 
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felt,  and  earthquakes  will  remind  us  that  Vulcan  has  not  ceased 
to  wield  his  mighty  forge. 

Falb  makes  a  very  positive  statement  to  the  effect  that  the 
possibility  of  an  eruption,  an  outbreak  of  vapors,  gases  and  lava 
into  subterranean  hollow  cavities,  cannot  be  disputed  by  any 
argument  of  weight.  With  this  veiwbold  assertion  he  announces 
his  final  decision,  and  claims  it  as  a  law  of  nature,  that  "  earth- 
quakes are  eruptions  of  subterranean  volcanoes,  the  direct  cause 
being  the  cooling  of  the  earth." 

He  may  not  have  convinced  you;  you  may  take  exceptions  to 
some  of  his  statements  which  do  not  seem  based  upon  sufficient 
data  to  prove  them  with  certainty;  there  may  still  be  factors  in 
the  case,  and  there  undoubtedly  are,  which  he  could  not  and  has 
not  considered;  but  are  we  not  dealing  with  a  theory  which 
merely  strives  to  account  for  the  mechanical  features  of  the 
event  as  far  as  they  are  known  ? 

We  began  this  paper  by  enumerating  all  those  various  charac- 
teristics which  impressed  themselves  upon  him  as  the  principal 
factors  to  be  accounted  for,  for  every  one  of  which  he  has  found 
an  explanation  in  harmony  with  his  theory. 

I  have  not  the  time  to  go  over  each  item  at  present;  any  one 
may  make  the  comparison  at  his  leisure,  and  he  will  find  no  dif- 
ficulty in  discovering  the  manner  in  which  Falb  would  account 
for  each  characteristic  feature  of  an  earthquake  by  taking  the 
subterranean  eruption  theorw  as  a  basis. 

The  various  modes  of  motion;  the  roaring  noises;  the  tidal 
waves;  the  principal  or  catastrophal  shock,  which  is  due  to  the 
sudden  explosive  character  of  the  beginning  of  the  eruption; 
the  lighter  secondary  tremors  following  the  primary  shock, 
caused  by  the  explosive  activity  on  the  surface  of  the  receding 
lava  (the  bursting  bubbles  referred  to,  which  are  the  lighter 
earthquakes  that  usually  follow  a  visible  eruption);  the  greater 
frequency  of  earthquakes  in  the  tropics,  due  in  a  measure  to  the 
centrifugal  force  of  the  earth  —  all  these  features  may  be  readily 
interpreted  if  we  are  willing  to  accept  Falb's  explanation  of  the 
cause. 


And  now  we  shall  touch  upon  that  portion  of  the  Falb  theory 
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through  which  the  author's  name  has  become  most  popular,  in 
which  he  has  not  been  without  success,  and  whereby  he  gained 
a  public  prominence  reaching  far  beyond  his  own  country.  I 
refer  to  the  attractive  influence  of  the  heavenly  bodies  as  an  aid 
in  causing  earthquakes. 

If  we  examine  the  months  of  the  year  in  reference  to  the  fre- 
quency of  shocks,  we  shall  find  that  they  are  not  equally 
distributed.  That  of  the  whole  yearly  number  a  certain  per- 
centage will  fall  to  each  month.  We  shall  notice  in  this  distri- 
bution a  regularity  which  can  not  be  a  matter  of  chance; 
and  this  may  lead  us  to  admit  that  the  attraction  of  the  sun,  and, 
as  we  shall  see,  the  moon,  gives  an  important  aid  in  bringing  the 
phenomenon  about. 

Falb  took  from  Mallet's  catalogue  the  days  upon  which  earth- 
quakes occurred  from  the  year  800  to  1843,  a  period  of  a 
thousand  and  forty-three  years.  In  that  time  he  collected 
5,492  earthquake  days  for  the  northern  hemisphere.  The  dis- 
tribution was  as  follows: 

January 583 

February 49G 

March 451 

April 455 

May 427 

June ...  377 

July 388 

August 424 

September 403 

October 517 

November 465 

December 506 

If  a  curve  be  drawn  (see  Fig.  1)  expressing  a  ratio  of  frequency, 
we  shall  find  that  most  earthquakes  occur  in  January,  that  there 
is  a  rapid  decline  for  February  and  March,  and  a  moderate 
increase  for  April;  from  thence  the  curve  rapidly  sinks  and 
reaches  its  minimum  in  June,  after  wdiich  a  rise  is  again 
manifested.     In  August  a  mid-point  is  reached,  from  which  it 
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again  drops  for  September,  after  which  a  very  decided  autumn 
maximum  is  shown  for  October;  we  then  notice  another  decline 
in  November,  and  thence  a  rapid  increase  to  the  January  height. 
In  order  to  ascertain  whether  the  character  of  this  curve  de- 
pended upon  this  particular  collection  of  data,  Falb  divided  the 
number  of  earthquake  days  in  halves  —  one  period  extending 
from  the  year  800  to  1794,  and  the  other  from  1794  to  1843  — 
the  first  being  about  1,000  years  long,  and  the  other  about  50; 
the  corresponding  number  of  days  being  2,751  for  the  long 
period,  and  2,741  for  the  short,  one.  It  is  evident  that  the  data 
for  the  50  years  must  be  more  detailed  than  that  of  the  thousand 
year  period,  because  the  record  of  late  years  would  naturally 
include  the  slight  shocks  which  in  the  earlier  centuries  were  not 
thought  worthy  of  record  by  those  who  chronicled  history.  It 
must  be  admitted  that  two  more  uneven  periods,  both  in  regard 
to  time  and  data,  could  not  well  be  chosen;  and  yet,  when  we 
come  to  arrange  and  plot  the  values  for  the  two  periods  in 
monthly  sets,  our  attention  is  called  to  a  similarity  that  is  only 
too  striking.     The  following  table  will  illustrate  this: 


Months. 

800-1794. 

% 

1794-1813. 

% 

Whole   Period. 

% 

Jiirniary 

324 

248 
215 

11.8 

9.0 
7.8 

259 
248 
236 

9.5 
9.1 
8.6 

5S3 
496 
451 

10  fi 

February  

9  0 

March 

8.3 

April 

220 

8.0 

235 

8.6 

455 

8.3 

May 

215 

7.8 

212 

7.7 

427 

7.8 

213 

78 

164 

6.0 

377 

6.9 

July 

198 

7.2 

190 

6.9 

388 

7.0 

August 

195 

7.1 

229 

8.3 

424 

7.7 

207 

7.5 

196 

7.2 

403 

7.3 

October 

234 

8.5 

283 

10.3 

517 

9.4 

223 
259 

8.1 
9.4 

242 

247 

8.8 
9.0 

465 
506 

8  4 

9  3 

(See  curves  2  and  3.) 

We  have  said  that  these  values  represented  a  condition  for  the 
northern  hemisphere;  the  question  then  naturally  arises,  How 
will  the  southern  hemisphere  compare,  in  this  respect,  with  the 
northern  half  of  the  globe  ?  Falb  furnishes  us  with  a  record  of 
501  earthquake  days,  between  the  years  1862-1877,  taken  from 
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the  official  list  of  the  lyceum  at  Copiapo.     From  it  we  learn  the 
following: 
(See  curve  4.) 

January 62         12  % 

February 37  7  " 

March 42  8  " 

April 45  9  " 

May  ...y 46  9" 

June 35  7  " 

July 41  8  " 

August 43  9" 

September 20  4  " 

October 56         12" 

November 53         11  " 

December 21  4  " 

We  can  not  help  noticing  a  resemblance  in  all  these  curves, 
and  perceiving  that  in  both  hemispheres  the  winter  months  of 
the  northern  are  the  most  productive,  and  that  during  the 
northern  summer  the  relative  frequency  is  least.  This  fact  be- 
comes apparent  in  any  number  of  combinations  that  we  wish  to 
try,  the  general  character  of  the  yearly  curve  manifesting  itself 
in  each  instance. 

Three  thousand  two  hundred  and  ninety-nine  earthquakes  in 
Europe  (Dr.  Ule,  "  The  Earth,"  cited  by  Falb)  are  distributable 
among  the  months  as  follows: 
(See  curve  5.) 

January 363  1 2  % 

February.. 298  9" 

March./. 284  9  " 

April 254  7  " 

May 280  8  " 

June 227  7  " 

July 238  7  " 

August 258  8  " 

September 238  7  " 

October 287  9  " 

November 252  7  " 

December  . .  .■ 320  10  " 


24 


Fa  lb' s  Theory  of  Earthquakes. 


Continuing  these  investigations,  we  applied  this  test  to  the 
earthquakes  recorded  for  the  western  coast  of  the  United  States, 
as  taken  from  the  list  compiled  by  Professor  Holden. 

His  table  for  California,  Oregon  and  Washington,  1850-1887, 
shows  a  total  of  768  earthquake  days,  distributed  among  the 
months  as  follows  (see  curve  6): 

Jan  uary 68  9     % 

February 45  6 

March 66  Si 

April 71  9J 

May 56  1\ 

June    51  6h 

July 45  of 

August 53  7 

September 85  11 

October 88  11^ 

November 57  7  it 

December .83  10f 

For  San  Francisco  we  have  for  the  same  period  (taken  from 
the  same  list)  a  total  of  254,  bearing  to  the  months  of  the 
year  as  given  below  (see  curve  7): 

January 25  10  % 

February... 22  9" 

March 26  10  " 

April 15  6:( 

May 17  7  " 

June 17  7  " 

July       13  5" 

August 11  4  " 

September    21  8  " 

October 35  13" 

November 30  12  " 

December 22  9" 


Again,  we  find  a  certain   similarity  in  the  structure  of  these 
curves  to  all  preceding  ones,  with  the  April  and  October  maxima 
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a  little  too  prominently  developed,  but  with  a  decided  minimum 
for  the  summer  months. 

Certainly,  language  can  not  speak  plainer  than  do  these 
graphic  illustrations,  as  they  bring  out,  at  random  as  they  are 
taken,  again  and  again  the  facts  to  which  we  have  called  atten- 
tion. Can  this  be  a  matter  of  chance?  Would  it  seem  so 
unreasonable  to  ^uppose  that  the  January  maximum  may  be 
caused  hj  the  earth's  perihelion;  the  April  by  the  sun's  position 
in  the  equator  (about  March  20th,  when  two  forces — the  cen- 
trifugal force  of  the  earth,  and  the  attraction  of  the  sun — are 
operating  in  harmony);  that  the  June  minimum  may  be  due  to 
the  earth's  aphelion,  when  the  sun's  attraction  is  least;  that  the 
October  rise  is  brought  about  by  the  sun's  reaching  the  autumnal 
equinox,  September  23d;  that  the  fall  for  November  is  due  to 
the  sun's  increase  in  southern  declination,  and  that  as  the  earth 
sped  towards  perihelion  the  curve  of  frequency  would  again 
reach  its  greatest  height  ? 

Falb  says  there  can  be  no  reasonable  doubt  about  it,  and  if 
these  curves  teach  anything,  they  teach  that  nearness  of  the  sun 
stands  out  as  the  principal  factor,  assisted  perceptibly  by  the 
equatorial  position  of  the  sun,  as  a  cause  for  the  greater 
frequency  at  such  seasons  of  the  year. 

If  two  curves,  one  representing  the  earth's  departure  from 
and  approach  to  perihelion  (which  would  represent  the  attract- 
ive force  of  the  sun  during  the  course  of  the  year),  and 
the  other  representing  the  sun's  declination,  or  his  appar- 
ent movement  from  solstice  to  solstice  through  the  equi- 
noctial points,  be  combined  into  one,  similar  characteristics 
in  the  structure  of  this  curve  to  those  we  have  drawn  from 
earthquakes  should  manifest  themselves.  And  if  we  devel- 
oped such  a  curve,  we  should  find  that  this  fact  would  ap- 
pear. It,  however,  would  show  a  spring  and  fall  maximum  of 
the  same  height,  whereas  in  the  earthquake  curves  the  October 
maximum  is  so  prominent  as  to  far  overreach  that  of  April. 
The  reason  given  therefor  is  this:  that  at  tbe  time  of  the  vernal 
equinox  the  line  representing  tbe  earth's  departure  from  perihe- 
lion is  so  rapidly  descending,  that  the  counter  impulse  due  to 
the  sun's  approaching  the  equator  is  only  sufficient  to  check 
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this  descent  somewhat;  but  at  the  time  of  the  autumnal  equi- 
nox the  latter  impulse  is  acting  in  the  same  direction  with  the 
former,  it  assists  it  in  its  rise;  the  two  lines  are  ascending  to- 
gether, and  the  two  forces  in  joint  action  would  develop  more 
prominently  than  under  the  first  condition. 

But  since  so  much  of  an  influence  seems  to  be  due  to  the  at- 
traction of  the  sun,  does  not  the  moon  similarly  play  a  most 
important  part,  as  she  is  by  virtue  of  her  attraction  the  most 
prominent  flood-factor  influencing  the  earth  ? 

The  answer  is,  yes;  and  in  order  to  make  plain  the  attractive 
influence  of  the  heavenly  bodies  upon  our  earth,  we  shall  briefly 
enumerate  the  so-called  flood  factors  to  which  Falb  gives  great 
weight  in  his  theory.  They  are:  the  earth's  perihelion;  the 
moon's  perigee;  the  moon's  syzygies;  and  when  either  sun  or 
moon  are  on  the  equator;  or,  as  Falb  puts  it  more  concisely: 

Earth's  perihelion,              -         -                  -         -         -  I. 

Moon's  perigee,          -------  II. 

Same  or  opposite  right  ascension  of  sun  and  moon,  -  III. 

Same  or  opposite  declination,     -  IV. 

Equatorial  position  of  sun,         -                   -         -         -  V. 

Equatorial  position  of  moon,      -----  VI. 

The  first  and  second  factors  find  their  explanation  in  the  mini- 
mum distance  of  sun  or  moon  from  the  earth,  when  their  at- 
traction would  be  greatest;  new  and  full  moon  are  too  well 
known  as  flood  factors  to  require  any  explication;  and  the  equ- 
torial  position  of  these  bodies,  as  the  last  named  factor,  is  inter- 
preted by  the  fact  that  the  attractive  influence  of  either  body  is 
exerted  in  the  same  line  of  direction  with  the  centrifugal  force 
of  the  earth,  which  latter  is  a  constant,  ever  tending  to  hurl  off 
masses  tangentially  and  parallel  to  the  equator,  with  a  developed 
maximum  at  the  latter,  explaining  also  the  frequency  of  vol- 
canic disturbances  in  tropical  regions.  Any  one  of  these  factors 
has  a  certain  weight  as  an  attractive  force,  which  may  be  aug- 
mented if  any  two  or  more  of  them  fall  together  at  the  same 
time.  It  is  clear  that  a  number  of  combinations  may  be  made. 
At  the  earth's  perihelion,  about  January  1st,  a  new  or  full  moon 
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may  occur;  with  the  syzvgies  we  may  have  a  perigee  of  the  moon; 
and  at  the  time  of  the  spring  or  vernal  equinox  a  number  of  the 
flood  factors  due  to  the  moon's  position  may  be  augmented  by 
the  sun's  equatorial  position.  The  greatest  number  of  these 
factors  that  can  at  the  present  time  occur  together,  are  four  or 
five,  never  all  six.^as  shall  be  shown  further  ou. 

Of  the  most  prominent  combinations  we  have — 

I,     II,     III,     IV, 

which  would  be  at  the  time  of  au  eclipse  near  January  1st,  to- 
gether with  a  perigee  of  the  moon — a  condition,  by  the  way, 
nearly  fulfilled  on  New  Year's  day  of  this  year;  or, 

II,     III,     IV,     V,     VI, 

satisfied  by  an  eclipse  near  the  time  of  the  equinoxes  with  a 
moon's  perigee.  At  the  time  of  solar  or  lunar  eclipses,  there- 
fore, the  attraction  of  these  bodies  upon  our  planet  develops  to 
a  most  conspicuous  factor,  finding  its  explanation  in  the  fact 
that  sun  and  moon  combine  in  their  effort  to  influence  the  earth, 
by  being  in  the  same  line  of  direction. 

Observations  have  shown  sufficiently  that  earthquakes  at  the 
time  of  an  eclipse  are  not  an  uncommon  occurrence.  Falb  says 
that  history  has  recorded  that  fact  too  often  to  doubt  it.  Within 
recent  years  we  have  had  an  occasion  to  note  this. 

From  a  number  of  cases  cited  by  Falb,  the  following  are  taken: 
Two  disastrous  earthquakes,  independent  of  each  other,  oc- 
curred in  188G;  one  in  Morea  on  the  27th  of  August,  and  the  other 
in  Charleston  on  the  31st  of  the  same  month.  A  solar  eclipse 
took  place  on  29th.  In  1888  three  eclipses  happened  within  a 
month.  A  solar  on  July  8th,  a  lunar  July  22d,  and  a  solar  again 
August  7th.  Note  the  great  catastrophe  in  Japan  on  July  15th, 
within  that  period. 

If  it  were  possible  to  construct  a  curve  by  taking  all  the 
flood  factors  consisting  of  sun's  distance  and  declination, 
moon's  distance  and  declination,  moon's  syzygies,  etc.,  from 
an  almanac,  and  plotting  them    with   relative   values   to  their 
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proper  date  for  a  whole  .year,  and  then  combining  them,  this 
line  would  show  elevations  and  depressions  according  as  these 
factors  fall  upon  or.from  each  other,  and  we  would  have  a  graphic 
curve  of  reference,  which  by  its  prominences  would  point  to  cer- 
tain dates  when  the  flood  factors  in  combination  are  exerting 
their  maximum  influence,  and  when  earthquakes  might  be  ex- 
pected. This  probability  curve  would  not  only  exhibit  periods, 
but  dates  when  the  condition  for  earthcpiakes  would  be  favorable. 
I  am  far  from  agreeing  with  those  sanguine  believers  in  this 
theory,  who  hold  that  seismic  disturbances  could  be  foretold 
upon  this  basis,  for  it  is  certain  that  the  flood  factors  are  not  the 
causes,  but  that  they  are  simply  an  aid  in  furthering  or  perhaps 
hastening  an  event  about  to  take  place.  An  adjustment  between 
contraction  and  expansion  may  lie  at  the  very  point  of  occurring 
for  some  time,  until  a  very  trifling  circumstance  may  add  weight 
enough  to  the  balance  to  cause  one  end  of  the  scale  to  go  up. 
We  may  liken  it  to  the  burning  match  applied  to  a  powder  bar- 
rel, or  to  the  last  straw  that  breaks  the  back  of  the  camel. 

Volcanicity  is  the  result  of  opposing  cosmical  forces,  regard- 
less of  the  attractive  influence  of  the  heavenly  bodies;  that  is, 
earthquakes  would  occur  without  sun  or  moon,  but  it  is  fair  to  as- 
sume, that  in  (hat  event  they  ivould  be  equally  distributed  through  the 
course  of  the  year. 

I  experimented  with  a  curve  which  I  had  projected  for  the 
maximum  and  minimum  influence  of  these  factors  for  1888, 
and  followed  with  great  care  all  recorded  seismic  disturb- 
ances for  that  year,  comparing  them  with  my  probability  curve. 
It  is  impossible  to  draw  any  conclusions  of  weight  from  the  ob- 
servations of  a  few  months  with  the  limited  amount  of  data  to 
which  I  had  access.  I  am  ready  to  state,  however,  that  in  most 
instances  I  have  been  surprised  by  the  coincidences  of  the  moon's 
syzygies  with  perceptible  earthquake  shocks. 

I  am  not  prepared  to  state,  from  my  own  studies,  how  much 
weight  proportionately  is  to  be  given  to  each  factor  in  construct- 
ing a  curve  of  that  kind,  and  am  not  ready  to  admit  any  prog- 
nostication of  these  phenomena,  although  Falb  has  with  great 
success  foretold  a  number  of  volcanic  eruptions  and  seismic  dis- 
turbances  with  remarkable  exactness  as   to   time,  as  well  as  in 
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some  instances  to  place.  The  simple  fact,  however,  of  the  in- 
fluence of  the  position  of  the  sun  and  moon  upon  the  volcanic 
life  of  our  planet  can  no  longer  be  denied. 

During  the  year  1888  the  great  eruption  of  Bandai  San,  to 
which  I  have  already  referred,  took  place  on  the  15th  of  July; 
a  most  disastrous  catastrophe,  occurring  without  any  warning, 
during  which  nearly  five  hundred  people  lost  their  lives. 

This  disturbance  happened  when  the  minimum  point  of  fre- 
quency in  the  curve  which  I  projected  had  just  been  passed, 
when  the  probability,  therefore,  was  small,  but  it  took  place  dur- 
ing a  period  which  Falb  calls  very  critical — at  a  time  when  the 
three  eclipses,  which  I  have  mentioned,  occurred  within  a  period 
of  30  days  —  and  these  factors  are  of  such  weight  in  the  esti- 
mate that  be  would  give  them  sufficient  importance  to  connect 
them  with  the  particular  time  of  this  disaster. 

Again,  a  number  of  seismic  disturbances  occurred  about  the 
autumnal  equinox,  from  the  end  of  September  into  October. 
Sej)tember  25th  severe  shocks  were  felt  at  Guayaquil;  they  were 
followed  by  flashes  of  lightning.  The  people  were  panic- 
stricken.  At  Helena,  Ecuador,  a  sharp  earthquake  was  felt 
September  25th.  On  the  26th  a  violent  disturbance  was  reported 
in  the  Gulf  of  Persia;  and  a  number  of  others  were  announced 
in  the  telegraphic  news  for  October. 

The  eclipse  of  the  sun  on  January  1st,  1889,  occurring  at  the 
time  of  the  earth's  perihelion,  should  have  been  a  very  critical 
period,  and  I  watched  that  event  with  particular  interest. 
Although  I  did  not  learn  of  any  catastrophal  convulsion  at  that 
time,  I  gathered  quite  a  number  of  items  of  reported  earth- 
quakes. I  have  notes  recording  them  for  Spain,  Mexico,  Eng- 
land, Costa  Rica  (very  severe),  and  Russia,  which  occurred 
within  a  few  days  on  either  side  of  the  eclipse. 

A  few  days  ago  I  cut  from  a  daily  paper  a  notice  of  severe 
earthquakes  in  Ecuador,  which  I  append: 

"  St.  Elena  (Ecuador),  March  3d,  1889.  —A  sharp  shock  of 
earthquake  was  felt  here  last  ni<^ht.  It  lasted  about  15  seconds, 
and  was  followed  a  few  minutes  later  by  four  other  shocks. 
Shocks  were  felt  at  intervals  during  last  night  and  to-day.'" 
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"  Guayaquil  (Ecuador),  March  3d. — A  violent  shock  of  earth- 
quake was  experienced  here  last  night.     During  last  night  and 
this  morning  there  were  thirteen  other  shocks  of  less  severity. 
A  panic  prevails  among  the  people." 

"We  see  therein  the  character  of  the  first  or  catastrophal 
shock  well  brought  out.  The  secondary  tremors  following  it  as 
a  sequence  are  quite  in  harmony  with  the  theory.  In  regard  to 
the  date,  March  3d,  we  shall  find  two  flood  factors  near  each 
other,  viz:  new  moon,  March  1st,  and  moon  on  equator,  March 
3d.  Most  weight  must  be  given,  however,  to  the  approach  of 
the  vernal  equinox,  for  the  curve  teaches  us  that  this  is  a  critical 
period.  Earthquakes  may,  therefore,  be  expected  from  now  on 
until  the  sun's  northern  declination  has  increased  sufficiently  to 
lessen  the  weight  of  this  factor.  But  in  making  this  statement 
it  should  be  remembered  that  I  have  called  attention  to  the 
fact  that  an  earthquake  may  come  at  any  time  without  interfer- 
ence of  sun  or  moon,  and  it  is  therefore  not  safe  to  prog- 
nosticate to  any  particular  date  by  applying  a  calculation 
with  the  time  of  the  occurrence  of  flood  factors  as  a  basis. 
Were  mathematical  determinations  only  required,  events 
might  be  foretold  with  the  greatest  accuracy;  but  in  the 
matter  of  earthquakes  and  the  volcanic  life  of  our  globe 
we  deal  with  the  planet's  organic  existence,  wherein  a  purely 
mathematical  demonstration  can  never  be  sanctioned. 

This  is  a  hasty  sketch  of  Falb's  theory.  It  differs  from  others 
in  laying  claim  to  one  exclusive  cause  for  all  earthquakes,  which 
is  a  point  of  objection  to  a  number  of  scientists.  Many  who 
admit  volcanic  action  as  the  direct  cause  for  the  great  earth- 
quakes of  our  globe  are  not  williug  to  account  for  lighter  tremors 
in  the  same  way. 

Another  explanation  is  sought  in  the  "orogenic"  theory,  which 
claims  earthquakes  as  the  active  signs  of  the  mountain-building 
forces  of  the  earth.  The  crust  is  in  a  condition  of  constant 
tension,  by  reason  of  the  gradual  and  continuous  cooling;  from 
time  to  time  the  equilibrium  is  suddenly  disturbed  in  the  lines 
of  greatest  tension,  and  this  causes  the  tremors. 

The  volcanic  theory,  however,    has  taken   a   very  prominent 
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place  in  this  field  of  research,  and  is  very  likely  to  retain  it,  as 
it  offers  a  ready  explanation  for  the  prominent  features  of  an 
earthquake,  particularly  if  of  any  magnitude. 

The  influence  of  the  sun  and  moon  is  not  denied  by  other 
scientists,  but  they  are  not  ready  to  give  it  the  importance  that 
Falb  does. 

The  well  -  known  seismologist  Fuchs,  in  referring  to  Falb's 
theory,  says: 

"If  we  oppose  this  theory  our  opposition  is  directed,  first  of 
all,  not  against  its  assertiou  as  such,  but  against  its  exclusive- 
ness.  After  a  great  many  causes  for  earthquakes  have  been 
pointed  out  we  might  also  discuss  the  influence  of  the  moon, 
but  we  cannot  admit  a  theory  which  alone  claims  to  account  for 
all  earthquakes." 

This  statement  had  particular  reference  to  the  influence  of  the 
so-called  flood  factors. 

Be  these  controversies  as  they  may,  it  is  interesting  to 
follow  an  energetic  man  in  his  conscientious  labor,  and 
it  should  stimulate  others  to  give  their  attention  to  this 
field  of  physical  research.  What  is  particularly  needed  in 
every  communit}*  is  the  facility  for  making  seismographic 
observations.  Facts  should  be  gathered  everywhere  by  all 
who  care  enough  for  mother  nature's  voice  and  acts  to  listen 
and  to  watch;  and  eventually  we  may,  from  our  collected  data, 
see  the  law,  if  there  be  any,  develop  itself. 

I  would  yet  like  to  call  your  attention  to  the  fact,  that  two  of 
the  prominent  flood  factors  cannot,  at  the  present  time,  occur  to- 
gether. They  are:  the  earth's  perihelion  and  the  sun's  equatorial 
position.  The  former  occurs  about  the  1st  of  January,  and  the  lat- 
ter March  20th  and  September  23d.  This  has,  however,  not  always 
been  so,  for  the  point  of  perihelion,  not  fixed  as  to  date,  increases 
in  longitude  about  62"  annually.  A  complete  revolution  of  the 
line  of  the  apsides  is  therefore  made  in  20,900  years,  which 
would  carry  us  back  about  6,000  years  to  the  time  when  the  peri- 
helion coincided  with  the  autumnal  equinox.  Here  two  of  the 
most  important  factors  fall  together;  in  fact,  all  of  them  may 
occur  at  that  time.     Falb  looks  to  this  fact  as  an  explanation  of 
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the  Deluge,  which  tradition  places  at  the  time  when  the  most 
favorable  position  of  the  sun  as  to  distance  coincided  with  that 
of  direction.  The  ascending  equatorial  current  carries  with  it 
the  aqueous  vapors  caused  by  evaporation  in  the  tropics.  The 
greater  the  evaporation  the  greater  the  amount  of  moisture  car- 
ried away  and  elsewhere  precipitated.  We  can  readily  see  the 
connection  without  going  into  further  details. 

A  critical  period  of  that  character  may,  of  course,  be  again 
expected,  with  all  its  disturbances,  about  4,5(J0  years  hence, 
when  the  earth's  perihelion  will  fall  together  with  the  vernal 
equinox. 

I  am  quite  ready  to  prognosticate  such  an  event,  partly  be- 
cause I  have  faith  in  this  theory,  and  partly  because  you  wouldn't 
have  the  laugh  on  me  if  it  did  not  turn  out  so. 
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ERRATTA. 


Correction  page  7,  line  8  : — But,  although  the  intensity  of  the  wave  de- 
creases, the  horizontal  component  of  the  r arth-motion  will  at  first  increase, 
and  theie  must  be  at  some  distance  from  the  center,  etc.,  etc. 
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THE   ELEMENT  OF  LABOR  IN  ENGINEERING 
ESTIMATES. 

By     J.    RICHARDS,   Mem.  Tech.  Soc. 

[Read  April  4,1889.] 


In  all  kinds  of  engineering  work  and  skilled  manufactures  the 
elements  of  prime  cost  follow  some  kind  of  regular  proportion, 
consisting  primarily  of  three  components — Material,  Labor  and 
Expense.  I  do  not  include  profits,  risk,  danger  and  so  on, 
because  these  are  variable  quantities,  not  appearing  in  estimates 
and  accounts. 

In  manufactures  of  the  mechanical  class,  the  proportion  of 
labor-cost  or  wages  charged  up  to  product  constitutes,  on  an 
average,  four-tenths.  In  engineering  work  it  is  less,  because  of 
the  greater  amount  of  material  used,  and  does  not,  I  presume, 
exceed  three-tenths.  Assuming  this,  labor  becomes  the  second 
element  and,  for  many  reasons,  the  most  important  one;  yet,  it 
happens  that,  with  a  few  exceptions,  we  have  no  generalization 
respecting  this  component  —  no  treatment  of  it  as  a  thing  that 
may  be  analyzed,  estimated  and  compared. 

It  is  the  purpose  of  rny  paper  this  evening  to  make  some 
attempt  to  deal  with  this  subject.     It  will  be  done  imperfectly, 
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no  doubt,  because  data  is  wanting,  and  my  remarks  will  have  to 
be  confined  almost  exclusively  to  personal  experience  and 
observation.  The  views  presented  will  be  to  suggest  investiga- 
tion on  the  part  of  the  members,  rather  than  to  exhaust,  or  even 
compass,  the  subject.         -* 

Of  investigation  into  the  subject  of  labor  we  have  enough. 
Thirteen  States  have,  at  this  time,  "  Bureaus  of  Labor  "  for  the 
preparation  and  compilation  of  statistics.  In  1876  the  U.  S. 
Treasury  Department  at  Washington  issued  a  public  document 
of  850  pages,  under  the  title  of  "Labor  in  Europe,"  compiled 
by  Mr.  Edward  D.  Young,  and  known  as  "  Young's  Labor 
Statistics."  In  1885  there  was  printed  by  the  Department  of 
State  a  document  of  193  pages,  under  the  title  of  "  Labor  in 
Europe."  There  are  other  publications  on  the  subject,  includ- 
ing the  reports  of  Secretary  Evarts,  1889,  and  Secretary  Blaine, 
1881,  but  those  referred  to  are  enough  to  indicate  the  line  of 
investigation  pursued.  We  have  also  a  National  Bureau  of 
Labor  Statistics,  created  by  an  Act  of  Congress,  charged  with 
"  collecting  information  upon  the  subject  of  labor,  its  rela- 
tion to  capital,  the  hours  of  labor  and  the  earnings  of  laboring 
men  and  women,  and  the  means  of  promoting  their  material, 
social,  intellectual,  and  moral  prosperity."  I  am  quoting  from 
tb«*  Act  of  June.  1884. 

The  State  reports,  a  number  of  which  I  have  examined,  are 
voluminous  and  complete  in  so  far  as  the  ground  covered  and 
the  whole  amount  of  matter  printed  each  year  under  the  head 
of  "  Labor  Statistics,"  State  and  National,  will  not  fall  short  of 
5,000  pages,  and  yet,  in  all  this  vast  amount  of  matter,  I  have 
been  able  to  find  no  data,  and  I  may  say  almost  no  mention,  of 
the  main  thing  of  all — the  amount  of  labor  and  wages  entering 
into  the  cost  of  commodities,  or  the  producing  power  of  labor. 
The  rate  of  wages  is  treated  exhaustively,  the  amount  of  wages 
is  scarcely  mentioned.  The  "  rate"  of  wages  and  the  "  amount" 
of  wages  are  two  very  different  things  ;  the  rate  is  more  a  social 
question  but  the  amount  is  an  economical  one,  and  is  that  one 
which  engineers  and  manufacturers  are  called  upon  to  deal  with 
continually.  In  making  up  an  estimate,  for  example,  the  rate 
of  wages  would  form  no  clue  to  the  cost  of  this  element,  except 
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by  analogy,  and  I  will  venture  to  claim  that  in  all  this  mass  of 
printed  matter  that  has  been  named,  there  is  not  sufficient  in- 
formation to  warrant  an  engineer  or  manufacturer  in  reading  over 
the  titles  alone.  We  have  in  "  Young's  Labor  Statistics  "  more 
than  50  pages  devoted  to  the  degraded  slave  labor  of  ancient 
Egypt,  and  among  the  Jews,  and  Romans,  that  is  little  more  than 
an  insult  to  modern  skilled  industry,  and  reminds  one  of  the  writ- 
ings of  some  French  economist  who  classes  thieving,  prostitu- 
tion, and  labor  in  the  same  category.  Of  the  main  subject,  the 
true  economic  one,  of  the  cost  and  amount  of  labor  as  an  ele- 
ment of  production,  we  have  as  before  said  nothing. 

This  it  may  be  claimed  is  an  engineering  view  of  the  matter 
and  that  the  purpose  of  investigation  is  moral  instead  of  indus- 
trial and  technical.  This  we  cannot  admit.  The  Act  of  Con- 
gress creating  a  National  Bureau  points  clearly  to  economical  as 
well  as  moral  objects,  besides,  how  easy  it  would  be,  while  in- 
vestigating other  things  to  have  ascertained  the  relation  that 
wages  bear  to  production,  and  the  rules  that  govern  labor  cost 
in  making  up  estimates. 

Every  set  of  manufacturing  or  engineering  account  books 
show  this  ;  there  is  always  a  wages  account  in  making  up  prime 
cost,  and  with  the  slightest  additional  labor  we  might  know  the 
cost  of  excavating  and  moving  a  cubic  yard  of  material,  the  cost 
of  leveling,  surveying  or  other  engineering  work — of  building  a 
house,  a  ship,  wagon  or  locomotive.  There  was  nothing  to  do 
but  to  subtract  material  and  expense  and  then  divide  product 
into  the  labor  account. 

A  circumstance  happening  in  1877,  caused  me  to  suspect  the 
existence  of  s<$me  general  law  governing  the  rate  of  wages  in 
skilled  industries.  I  was  called  upon  to  design  for  the  Royal 
Arsenal  in  St.  Petersburg,  Russia,  some  special  machinery  to  be 
employed  in  making  the  wheels  of  gun  carriages.  The  designs 
occupied  about  one  year's  time,  and  when  approved  came  the 
question  of  construction.  Estimates  made  in  this  country  and 
in  Europe  varied  some,  but  not  a  great  deal,  and  the  labor  or 
wages  item  was  uniform,  or  nearly  the  same,  in  these  cases, 
where  the  rate  of  wages  varied  a  great  deal.  It  seemed  strange 
at  first  that  estimates  should  be  so  uniform,  but  on  more  reflec- 
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tion  it  became  obvious  that  the  finished  or  completed  value  of 
any  kind  of  skilled  product  must  be  near  the  same  iu  all  coun- 
tries ;  otherwise,  there  could  be  no  international  trade  in  such 
commodities  ;  they  would  center  to  the  place  of  cheapest  pro- 
duction. Greatly  interested^ in  the  matter  and  believing  I  had 
discovered  or  discerned  a  general  law  or  rule  applying  to  skilled 
industry  as  an  element  in  production,  I  wrote  to  the  Hon.  John 
Bright,  asking  whether  he  was  aware  of  any  principle  or  rule 
applying  generally  to  skilled  labor  a-nd  the  relation  between  the 
rate  and  the  amount  of  wages.  His  answer  indicated  that  he 
had  not,  and  subsequent  investigation  proved  that  among 
writers  on  the  subject,  with  an  exception  or  two  hereafter  men- 
tioned, no  one  had  traced  the  relation  between  wages  and 
product.  This  circumstance  was  the  beginning  of  a  course  of 
observation,  the  result  of  which  forms  the  main  part  of  the 
present  paper. 

In  the  United  States,  at  different  places,  are  made  large  num- 
bers of  watches  of  good  quality.  These  watches,  many  of  them, 
are  exported  abroad  and  sold  in  competition  with  the  Geneva 
trade.  The  Waltham  Company  has  an  agency  in  London,  and' 
sell  there  a  great  many  watches.  Now,  the  wages  paid  in  the 
Waltham  Works,  to  first-class  mechanics,  exceeds  $4  per  day. 
Women  receive  as  high  as  $2.75  a  day,  and  the  average  of  wages 
paid  is  about  five  to  ten  times  as  high  in  rate  as  are  earned  in 
Geneva;  yet,  the  amount  of  labor  in  the  watches  must  be  a  good 
deal  less  in  this  country,  because  of  the  expense  of  selling  them 
abroad,  and  also  because  all  material,  except  gold  and  silver, 
cost  a  good  deal  more  here.  The  expenses  are  also  greater, 
and  the  problem  arises,  how  is  this  done?  We  all  know  it  is  a 
result  of  skill  aud  machinery,  both  of  which  are  emanations 
from  skilled  workmen.  But  the  point  I  wish  to  draw  attention 
to  is  that  the  amount  of  labor  or  wages  charged  against  a 
Waltham  watch  cannot  be  more  than  two- thirds,  and  perhaps 
one-half,  as  much  as  for  a  Geneva  one  of  the  same  grade;  so 
the  cost  of  finished  production  is  balanced,  the  aggregate  of 
components  coming  out  the  same,  no  matter  how  they  may  vary 
relatively. 

In  1877  my  firm  was  called  upon  to  construct  some  machinery 
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for  a  coffee  plantation  on  the  island  of  Ceylon,  in  the  Indian 
Ocean.  With  the  things  required  was  a  plant  for  making 
packing-boxes  from  the  native  timber,  and  among  the  machines 
was  a  saw-bench  intended  for  slitting  up  small  logs,  or  balks, 
into  boards.  The  planter  was  asked  if  he  wanted  a  feeding 
attachment  on  the  machine,  such  as  is  common  in  England. 
"No,"  said  he;  "it  requires  seven  men  to  work  the  saw,  and 
they  can  feed  by  hand."  Two  men  mounted  and  fed  the  tim- 
ber, one  took  from  the  saw,  and  one  piled  away.  There  was  an 
"  engineer"  to  oil  the  machine  and  file  the  saw,  one  attendant 
to  bring  water  and  run  errands,  and  a  "boss"  overall.  The 
wages  paid  were  from  9  to  12  cents  a  day.  I  asked  the  planter 
what  amount  of  timber  was  sawn  in  a  day,  and  hist  answer  was, 
"  about  one-half  as  much  as  one  man  would  saw  here  on  the 
same  machine." 

Supposing  the  statement  correct,  the  ratio  of  production  was 
14  to  1  in  favor  of  Caucasian  labor,  and  the  amount  of  wages 
paid  for  sawing  a  given  amount  of  boards  was  actually  a  good 
deal  more,  under  the  low  rate  of  wages  paid  in  Ceylon. 

Some  time  ago,  when  waiting  for  a  train  on  the  Southern  Pa- 
cific Railway  Company's  line  in  the  San  Joaquin  valley,  I  noticed 
the  station  agent  harassed  b}'  his  duties,  and  awaiting  an  oppor- 
tunity, ascertained  he  was  freight  agent,  passenger  agent,  express 
agent,  telegraph  operator,  and  perhaps  performed  other  duties. 
His  multifarious  occupation  earned  $80  per  month.  I  ascertained 
roughly  the  amount  of  freight  shipped  and  received,  and  the 
quantity  of  other  traffic;  and  comparing  with  a  station  on  the 
London  &  Northwestern  system  in  England,  concluded  that  six 
men  would  be  employed  there  to  perform  the  same  work.  I 
connected  this  with  the  recent  estimates  showing  a  lower  cost 
per  "  ton  mile"  for  moving  freight  in  this  country,  and  in  the 
circumstance  detected  another  proof  of  the  principle  of  balanced 
labor  cost,  independent  of  its  rate. 

There  appeared,  some  time  ago,  in  one  of  our  daily  papers, 
the  particulars  of  some  house  carpenter  work  done  in  Yokohama, 
Japan,  for  an  American  resident  there,  but  have  failed  to  find 
an  extract  made  at  the  time.  The  conclusion,  however,  was 
that  the  same  work  performed  here  by  men  at  $3  or  even  $4  a 
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day  would  have  been  much  cheaper  than  in  Yokohama  at  30  to 
40  cents  a  day,  and  I  do  not  doubt  it. 

In  some  carefully  made  investigations  during  the  past  year 
into  the  cost  of  manufacturing  boots  and  shoes  in  four  European 
cities,  two  in  England  and  -4rtvo  in  Germany,  showed  a  strange 
variation  in  the  components  of  cost.  The  most  marked  was  in 
comparing  Vienna,  Austria,  with  Lynn,  Massachusetts,  the  ratios 
being  in  definite  mathematical  relation.  The  rate  of  wages 
earned  in  Vienna  was  one-half  as  much  as  in  Lynn,  and  the 
amount  of  wages  was  double  in  Vienna  ;  in  other  words,  the 
product  of  American  workmen  was  four  times  as  much  as  that 
of  the  German  workmen.  The  investigation  extended  to  every 
particular,  even  to  sewing  on  buttons.  It  can  be  found  in  our 
consular  reports.  I  do  not  know  how  nearly  balanced  the  value 
of  the  finished  product  was  in  the  two  cases,  but  the  difference 
could  not  in  any  event  be  more  than  the  cost  of  carriage  be- 
tween Lynn  and  Vienna. 

I  have  for  many  years  been  in  position  to  know  the  labor  cost 
of  various  machines  made  here  and  in  Europe  from  the  same 
drawings  ;  also,  other  items  of  prime  cost,  and  find  in  all  cases 
the  finished  cost  of  almost  any  kind  of  machinery,  including 
skilled  labor,  is  not  much  different  in  this  country  and  elsewhere. 
The  aggregate  of  the  three  components,  labor,  expense  and  ma- 
terial is  much  the  same,  labor  being  more  constant  and  uniform 
than  either  of  the  other  elements. 

The  wages  of  Chinese  laborers  on  the  Pacific  Coast  is  about 
one-half  as  much  as  is  paid  to  white  men,  and  I  have  no  doubt 
bears  a  very  constant  relation  to  what  they  perform  ;  in  fact, 
must  do  so  in  cases  where  the  labor  cost  for  a  specific  work  is 
ascertainable. 

There  is  on  the  Pacific  Coast  especial  opportunities  for  observ- 
ing the  relations  between  the  rate  and  the  amount  of  wages. 
Many  of  our  prominent  engineers  have  had  experience  in  the  labor 
of  Mexico,  Central  and  South  America,  and  have  to  cany  into 
estimates  labor  at  various  rates,  and  it  is  expected  that  this 
paper  will  be  supplemented  with  a  good  deal  of  information 
from  members  of  the  Society. 

The  California  Combined  Harvesting  machines  cut  from  12  to 
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24  feet  wide,  30  to  50  acres  a  day,  and  are  operated  by  either 
four  or  five  men.  The  grain  harvested,  cleaned  and  sacked,  is 
from  300  to  400  bushels  for  each  man  employed,  aud  the  cost 
per  acre,  about  75  cents.  The  horses  and  machinery,  divided  by 
product,  cost  less  than  in  the  Eastern  States,  that  is,  the  low  labor 
cost  is  not  compensated  by  mere  machinery  and  animal  power, 
but  rather  the  reverse. 

The  cost  per  bushel,  in  wages,  for  cutting,  thrashing  and 
sacking  is  from  5-10  to  7-10  of  a  cent,  and  is  no  doubt  much  less 
than  in  Eastern  and  Northern  Europe  or  in  Asia,  and  is  certainly 
not  a  half  as  much  as  in  our  own  country,  east  of  the  Alleghany 
mountains. 

It  is,  I  think,  an  example  showing  how  useless  it  is  to  pit  low 
priced  manual  effort  against  high  paid  skill  and  energy. 

I  might  go  on,  if  time  permitted,  to  give  examples  without 
number  to  prove  a  general  law  governing  the  amount  of  labor 
entering  into  constructive  work,  but  will  confiue  myself  to  one 
more  illustration,  the  most  important  perhaps  that  can  be  named 
because  the  most  comprehensive, — the  experience  of  Sir  Thomas 
Brassey,  the  great  railway  contractor. 

He  was  engaged  for  a  period  of  37  years  in  constructing  rail- 
ways in  all  parts  of  the  civilized  world,  in  Eussia,  England, 
Germany  and  France,  also  in  India,  Australia  and  Canada.  He 
had  under  his  employ  at  times  as  many  as  5000  men,  from  skilled 
engineers  down  to  the  common  navvy. 

Laborers'  wages  varied  from  8  cents  a  day  in  Hindostan  to 
SI. 75  a  day  in  Canada  and  Australia,  and  it  is  doubtful  if  any 
firm  or  company  ever  had  before,  or  ever  will  have  again,  such 
an  opportunity  of  drawing  general  conclusions  respecting  the 
relation  between  the  rate  and  the  amount  of  wages. 

The  work  performed  was  of  nearly  uniform  character,  the 
means  and  implements  employed  were  quite  the  same,  but  the 
labor  rate,  as  before  named,  varied  between  extremes  as  22  to  1. 
In  France  the  labor  rate  for  Frenchmen  was,  at  first,  one- half 
as  much  as  was  paid  to  Englishmen;  but  in  a  year  or  so  from 
the  time  of  commencing  it  was  found  the  French  workmen  could 
perform  as  much  work  as  the  Englishmen,  and  as  a  significant 
circumstance  their  rate  of  pay  rose  in  the  same  proportion. 
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Mr.  Brassey  found  it  expedient  to  take  out  English  navvys  to 
India  at  five  shillings  a  day,  including  the  time  of  transporting 
them,  and  furnish  "  beef  and  beer,"  rather  than  employ  the 
natives  at  one-tenth  the  rate  per  diem. 

At  the  end  of  this  long  arui"  remarkable  career,  Mr.  Brassey' s 
conclusions  were  that  labor  was  the  only  constant  or  uniform 
element  he  had  to  deal  with  in  his  estimates,  and  was  nearly 
uniform  irrespective  of  varying  rates 

It  is  to  be  regretted  that  the  great  amount  of  data  collected 
by  Mr.  Brassey  has  not  been  more  carefully  collected  and  pre- 
served for  the  use  of  engineers.  The  facts  here  given  are  taken 
mainly  from  a  book  called  "  The  Life  and  Labors  of  Sir  Thomas 
Brassey," from  which  some  notes  were  made  several  years  ago. 

In  this  connection  majr  be  mentioned  some  elements  entering 
into  estimates  and  cost  accounts  familiar  to  all  here,  but  seldom 
understood  by  unskilled  people.  These  elements  are  the  time 
required  for  completing  a  work  as  affected  by  the  proficiency  of 
labor  ;  the  cost  of  superintendence  as  affected  by  that  time;  the 
wear  and  destruction  of  implements,  also  the  expense  of  hous- 
ing, feeding  and  hospital  care,  such  a3  was  necessary  in  the  work 
at  Panama.  All  these  elements  have  to  be  multiplied  into  the 
number  of  men,  the  number  of  men  being  first  divided  by  tbeir 
skill.  It  is  a  kind  of  equation  that  every  engineer  has  to  deal 
with  in  bis  practice. 

Mr.  Hawkshaw,  another  eminent  English  engineer,  now  living, 
who  has  employed  labor  in  various  parts  of  the  world,  came  to 
the  same  conclusion  as  Mr.  Brassey,  that  the  rede  of  wages  is  a 
resultant  of  their  product,  and  that  this  element  of  labor  in  en- 
gineering work  is  the  one  most  easily  dealt  with  because  the  most 
uniform,  and  when  there  is  no  extra  adventitious  circumstance, 
such  as  climatic  dangers  from  heat,  cold,  or  disease,  the  amount 
of  wages  to  move  a  yard  of  earth  or  stone,  or  to  build  a  perch 
of  masonry,  would  be  much  the  same  whether  the  rate  of  pay  be 
high  or  low,  or  to  put  it  in  other  words,  the  rate  always  adjusts 
itself  to  product  in  obedience  to  an  economic  law  that  maintains 
uniform,  or  nearly  uniform,  values  for  engineering  work  and 
skilled  industry  in  all  parts  of  the  world. 

This  brings  me  to  the  propositions,  or  rather  to  the  inferences 
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to  be  drawn  from  the  circumstances  dealt  with    and  observed, 
and  I  will  embody  them  in  some  postulates  as  follows : 

First. — The  component  elements  of  all  skilled  productions 
are  labor,  material  and  expense.  This  proposition  is  no  more 
than  an  axiom  because  every  set  of  engineering  or  manufactur- 
ing account  books  will  show  its  truth.  So  will  every  estimate 
for  work.  I  do  not  include  profits,  because  that  is  an  independ- 
ent element  without  any  fixed  relation  to  the  others,  although  it 
may  greatly  modify  them. 

Second. — The  prime  cost  or  finished  value  of  whatever  is  pro- 
duced from  these  three  elements  has,  in  the  markets  of  the 
world,  an  uniform,  or  nearly  uniform,  value,  the  "'world's" 
value  it  may  be  called.  For  example,  steel,  iron,  copper, 
leather,  locomotives,  guns,  machinery,  ships,  and  so  on,  can  not 
vary  much  in  price  in  different  countries  ;  otherwise,  all  trade 
would  center  in  the  cheapest  place.  In  staple  commodities,  such 
as  cotton,  cloth,  iron,  and  so  on,  it  is  claimed  that  five  per  cent, 
is  enough  to  control  neutral  markets. 

Third. — The  value  of  finished  products  being  thus  fixed,  it 
follows  that  their  components  must  also  be  fixed,  that  is,  the  ag- 
gregate of  components  or  elements,  must  be  the  same,  and  this 
we  will  find  to  be  true  irrespective  of  the  variations,  not  only  of 
the  rate  of  labor,  but  also  its  amount.  If  the  element  of  ma- 
terial is  increased  either  wages  or  expense  must  be  decreased 
accordingly.  If  wages  and  expense  are  increased,  then  material 
must  be  diminished  in  the  same  degree.  The  balance  must  be 
maintained. 

If  these  propositions  are  granted,  then  we  have  the  following 
inferences,  or,  as  I  might  almost  say,  facts,  resulting  : 

First. — That  wages,  the  world  over,  are  nearly  uniform,  if 
measured  \>s  their  product. 

Second. — The  rate  is  a  direct  result  of  product,  and  a  simple 
exchange  of  equivalent  values. 

Third. — That  fluctuations  of  the  labor  rate  may   arise   from 
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supply  and  demand,  strikes,  or  other  disturbing  causes,  but  the 
general  rate  is  amenable  to  the  great  law  named. 

Fourth. — And  most  important  of  all,  that  any  industry  where 
the  aggregate  of  these  components  exceed  the  world's  value, 
must,  sooner  or  later,  perish  and  cease. 

V 

Of  this  inference  we  have  herein  California  ample  illustration. 

I  am  told  that  in  former  times,  when  wages  were  governed  by 
what  men  could  earn  in  placer  mining,  and  rose  to  two  or  three 
times  the  general  or  national  rate,  no  industry  was  possible  ex- 
cept what  related  to  mining,  and  the  product  of  which,  was  con- 
sumed by  miners.  Even  garden  products  were  not  grown;  and 
as  to  making  anything  to  be  sold  elsewhere,  such  a  thing  was 
not  thought  of. 

I  will  now  revert  to  another  connected  matter,  respecting 
which  I  have  not  much  data —  one  forming  a  corollary  to  some 
of  the  propositions  named,  and  one  that  will  come  within  the 
province  of  many  of  the  members  here  to  observe;  it  is  this: 
Not  only  does  the  rate  of  wages  seem  to  be  governed  by  pro- 
duction, but  the  higher  rates  lead  to  the  cheapest  produc- 
tion. This  seems  anomalous,  and  the  fact  is  deserving  of  care- 
ful attention.  En  the  instances  named  E  have  attempted  to  show 
a  balance  of  labor,  but  as  a  matter  of  fact,  the  ratio  between 
rate  and  amount  seems  to  be  in  favor  of  the  higher  rate.  I 
mean  normal  rate,  or  general  rate,  and  not  a  forced  one  such  as 
we  know  a  good  deal  of  on  the  Pacific  Coast. 

The  primary  causes  of  a  high  "  rate"  and  a  low  "  amount"  of 
wages  I  will  not  attempt  to  deal  with  in  the  present  paper.  This 
would  involve  social  and  economic  problems  lying  without  the 
field  prescribed  for  papers  read  before  the  society,  and  I  have 
endeavored  to  confine  the  remarks  to  the  curious,  or  at  least 
unconsidered  laws  that  govern  labor  cost  as  an  element  in 
skilled  production. 

It  is  suggested  that  some  concerted  action  of  this  and  other 
societies  of  the  kind  would,  no  doubt,  influence  the  National 
and  State  Labor  Bureaus  to  include  in  their  future  statistics,  the 
amount  as  well  as  the  rate  of  wages,  so  the  components  of  pro- 
duction   would    appear.     This  was   done  in  a  few  cases  in  the 
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Michigan  reports  of  last  year,  but  only  a  few,  and  evidentlj' 
without  any  plan  of  including  it  as  a  part  of  the  system. 

The  practical  value  of  this  method  would  appear  in  a  better 
understanding  of  the  conditions  attending  on  successful  works 
and  manufactures.  Workmen  would  not  strike  for  unreasonable 
wages  if  they  were  shown  that  the  components  of  production 
cannot  be  increased  collectively  without  driving  out  or  destroy- 
ing an  industry,  and  that  the  amount  of  wages  cannot  be  more 
or  less  except  as  measured  by  what  they  produce,  and  cannot  be 
more  in  one  place  than  in  another  except  as  the  other  compo- 
nents, material  and  expense  are  increased  and  diminished  ac- 
cordingly. 

In  conclusion,  I  will  suggest  that  the  whole  problem  can  no 
doubt  be  resolved  into  an  ecpjation  in  which  the  elements  would 
be  as  follows  :  the  number  of  workmen  ;  the  efficiency  of  work- 
men ;  the  rate  of  wages,  the  amount  of  wages  ;  the  value  of 
product,  and  so  on.  Looking  over  the  whole  field  of  human 
knowledge  we  find  scarcely  anything  known  or  proved  until  it  is 
put  upon  a  mathematical  basis,  and  it  may  be  left  for  this 
society  to  solve  some  of  the  economic  problems  of  our  day  by 
resolving  them  into  an  ecpjation. 

I  seriously  believe  that  no  other  solution  of  these  problems  is 
possible.  An  age  of  wrangling  and  empirical  opinion  has 
proved  other  methods  of  no  use. 
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MINUTES  OF  MEETINGS. 

REGULAR  MEETING. 

January  5,  1889. 

President  Manson  in  the  Chair. 

The  nominating  committee  appointed  at  the  December  meet- 
ing presented  the  following  list  of  officers  for  the  ensuing  year: 

President — Marsden  Manson. 

Vice  President — E.  J.  Molera. 

Secretary — N.  S.  Keith. 

Treasurer — E.  L.  Ransome. 

Directors— G.  W.  Percy,  G.  F.  Allardt,  W.  G.  Raymond, 
Luther  Wagoner,  Arthur  F.  Price. 

Mr.  Molera  moved  that  a  number  of  volumes  of  the  Transac- 
tions of  the  Society  be  bound  and  distributed  at  the  judgment 
of  the  Executive  Committee.     Adopted. 

Mr.  Keith  suggested  the  advisability  of  discussing,  at  some 
future  meeting,  the  subject  of  Windmills;  and  it  was  decided  to 
request  the  President  to  appoint  a  committee  of  three  mechani- 
cal engineers,  and  himself,  to  take  preliminary  steps  in  the 
matter. 

Adjourned. 
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ANNUAL    MEETING. 

January  25,  1889. 
President  Manson  in  the  Chair. 

Messrs.  Weber  and  Behr,  the  tellers  appointed  to  count  the 
ballots,  reported  that  22  votes  had  been  cast,  and  that  each  of 
the  candidates  received  an  equal  number  of  votes. 

The  following  gentlemen  were  accordingly  declared  elected: 

President — Marsden  Manson. 

Vice  Pre-ideut — E.  J.  Molera. 

Secretary— N.  S.  Keith. 

Treasurer — E.  L.  Ransome. 

Directors— G.  W.  Percy,  G.  F.  Allardt,  W.  G.  Raymond, 
Luther  Wagoner,  Arthur  F.  Price. 

After  a  vote  of  thanks  to  the  President,  the  retiring  Secretary, 
and  the  tellers,  the  Society  adjourned. 


REGULAR    MEETING. 

February  1,  1889. 

President  Manson  in  the  Chair. 

Owing  to  the  absence  of  Mr.  Yon  Geldern,  his  paper  on 
"  Falb's  Theory  of  Earthquakes/'  was  deferred  till  the  next 
meeting. 

President  Manson  described  the  effects  of  Sewage  from  the 
United  States  Mint  in  San  Francisco,  upon  the  materials  of  the 
old  sewer;  and  the  means  taken  to  avoid  their  repetition  in  the 
new. 

Mr.  Keith  called  the  attention  of  the  Society  to  the  organiza- 
tion of  the  California  Electrical  Society. 

Mr.  Gutzkow  suggested  sulphur  as  a  protective  lining  for  the 
sewer  of  the  Mint,  it  being  resistant  to  the  acid  liquors  running 
in  the  sewer. 

Adjourned. 
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ADJOURNED    REGULAR    MEETING. 

March  8,  1889. 

President  Manson  in  the  Chair. 

Mr   Otto  von  Geldern  read  a  paper  entitled   "  Falb's  Theory 
of  Earthquakes.  V 

Adjourned. 


REGULAR    MEETING. 

April  5,  1889. 

President  Manson  in  the  Chair. 

The  Secretary  read  Mr.  John  Richards'   paper  entitled  "  The 
Element  of  Labor  in  Engineering  Estimates." 

The  paper  caused   considerable  discussion,  which  was  carried 
on  by  the  President,  Mr.  Dickie,  and  Mr.  Keith. 

Adjourned. 
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ECONOMIC  HEAD  FOR  LONG    PIPES. 

By  ROSS  E.  BROWNE,  Mem.  Tech.  Soc. 
Read  June  7,  18K9. 


The  subject  matter  of  this  paper  is  intended  to  apply  mainly 
to  wrought  iron  pipes  of  large  diameter,  having  tapered  inlet 
and  free  outlet,  and  designed  for  the  delivery  of  a  considerable 
volume  of  water,  and  not  for  the  development  of  power. 

In  a  general  way  it  may  be  said  that  the  costs  of  such  pipes, 
of  the  same  make,  are  approximately  proportional  to  their 
weights,  i.e.,  to  the  products  of  their  lengths,  diameters  and 
the  thicknesses  of  iron  used  in  their  manufacture. 

Let  H  be  the  difference  of  level  between    inlet    and 

outlet. 
L  "   the  length  of  the  pipe. 

D  "  the  diameter, 

t  "  the  Uiickness  of  the  iron. 

/  "  Weisbach's  coefficient  of  friction. 

Q  ••  the  volume  of  water  delivered  per  unit  of 

time. 
*k  "  the  cost  of  the  pipe  per  unit  of  length  at 

any  point. 
*K  "  the  total  cost  of  the  pipe. 

*  The  cost  of  transportation  aud  distribution  of  the  pipe  may  be  added 
where  these  are  proportional  to  the  weight,  but  the  cost  of  preparing  the 
bed  for  laying  the  pipe  is  not  considered. 
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1*. 


A 


"  constant  coefficients. 

"  the  head  corresponding  to  the  least  thick- 
ness of  iron  which  it  is  practicable  to 
use. 

"  the  area  between  the  hydraulic  grade  line 
and  the  approximate  profile  of  the  pipe 
line-)-  the  additional  area  due  to  h,. 

"  the  head  governing  the  thickness  of  the 
iron  at  any  point.  This  represents  the 
variable  ordinate  of  the  area  A. 


The  diameter  of  the  pipe  is  assumed  to  be  uniform,  and  the 
thicknesses  of  iron  proportional  to  the  values  of  h.  The  f;ict 
that  the  latter  condition  can  only  be  approximated  will  not 
materially  affect  the  conclusions  reached. 

t=c,Dh (1)** 

k=c2"Dt=oT>  h (2) 


K, 


.*£ 


hdL=c,D2A 


(3) 


Equation  (3)  may  be  used  in  making  a  preliminary  estimate  of 
the  cost  of  the  pipe;  but  as  the  stated  object  of  the  pipe  line  is 


t  With  diameters  from  say  1%  to  5  feet,  such  minimum  thickness  may  be 
regarded  as  approximately  proportional  to  the  diameters.  In  general 
t^rcj  Dh,  and  we  mny  consider  hjas  constant  within  the  limits  of  diameter 
named. 

**  For  double-riveted  sheet  iron  pipe,  such  as  commonly  used  on  the 
Pacific  Coast,  cr— .000016  to  .000024  for  unit  of  dimensions  1  loot. 
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the  delivery  of  a  fixed  volume  of  water,  in  order  to  reach  a  cri- 
terion of  economy  the  cost  must  be  expressed  irj  terms  of  Q. 

In  applying  Weisbach's  formula  Q= — ^       f  L     (4) 

to  pipe  lines  of  any  considerable  length,  the  value  of  A5  is  so 
great  that  the  1  may  be  neglected  without  serious  error,  and  by 
transformation  D=c4  Q's(i)IS *(5). 

Introducing  this  value  of  P  for  the  delivery  of  a  given  volume 
of  water,  into  equation  (3)  we  obtain 

K=c5Q<-s(!Tr5A (6) 

It  is  apparent  that  the  cost  of  the  pipe  for  the  delivery  of  a 
given  volume  of  water  is  measured  by  the  quantity  A(i-)25,  and 
the  smaller  this  quantity  can  be  made,  the  less  the  cost. 

It  is  not  uncommon  to  meet  with  cases  where  tbe  head,  H,  is 
unnecessarily  great,  and  where  it  is  a  matter  of  economy  to 
carry  the  water  a  part  of  the  way  from  the  source  of  supply  in 
ditches  or  flumes,  or  even  in  light  pipe  broken  at  intervals  to 
avoid  the  necessity  of  using  heavy  iron. 

In  estimating  the  cost  of  a  very  long  pipe,  I  was  somewhat 
surprised  to  find  how  low  was  the  most  economic  head,  H,  gov- 
erning the  proper  location  of  the  inlet  of  the  pipe. 

In  the  following  example  there  is  assumed  an  abrupt  slope 
and  a  long  plane,  such  that  the  head,  H,  may  be  varied  with- 
out materially  affecting  the  length. 


*  /  varies  with  D  and  velocity,  but  may  be  taken  for  tbe  purpose  of  pre- 
liminary estimate  as  haviug  a  constant  value,  say=?.02,  D=.22Q25  (  ~)  =  for 
unit  of  dimensions  1  foot,  unit  of  time  1  second.  It  is  not  tbe  purpose  of 
the  present  paper  to  discuss  the  values  of  coefficients  c2,  c3  and  c5. 
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In  this  case  A=  \  Q^)  hence  K=  «***  (^^) 
see  equation  (6).     And   this    value    of    K   is    a   minimum   for 

Or  it  may  be  said  the  cost  of  the  pipe  is  approximately  a  min- 
imum for  H  =  |  hx. 

For  double  riveted  sheet  iron  pipes  having  diameters  between 
1^  and  o  feet,  if  the  mean  value  of  cz—. 00002  is  used,  the 
value  hJ=165  feet,  may  be  adopted.  The  cost,  then,  in  the 
above  case  will  be  a  minimum  for  11=250  feet,  and  this  approx- 
imates the  truth,  whether  the  length  of  the  pipe  be  1  mile  or  100 
miles. 

In  the  following  example  there  is  assumed  an  abrupt  fall  from 
the  inlet,  a  long  plane,  and  an  abrupt  rise  to  the  outlet. 


In  this  case  A=  —  (H-j-2m),  and  K  becomes  a  minimum  for 


H= 


If  m  is  less  than  hr  this  result  will  be  modified. 


These  cases  may  be  applied  to  the  Sierra  Nevada  water  supplies 
formerly  proposed  for  the  cities  surrounding  the  bay  of  San 
Francisco.  The  profile  of  a  possible  pipe  line  through  Sacra- 
mento, Benicia,  San  Pablo,  to  Oakland,  is  about  as  follows: 
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Owing  to  the  fact  that  by  decreasing  H  the  length  of  the  pipe 
is  somewhat  decreased,  it  is  apparent  that  the  most  economical 
head,  H,  is  liable  to  be  even  less  than  250  feet. 

This  applies  to  the  delivery  of  the  water  at  the  city  base.  A 
simple  calulation  will  show  that  with  so  long  a  pipe  line  (100 
miles  or  more)  there  is  no  economy  in  attempting  to  deliver  the 
water  under  such  pressure  as  is  required  for  the  city  service.  A 
large  saving  is  effected  by  delivering  the  water  at  or  near  the 
city  base,  and  then  pumping  it  to  the  city  service  reservoir. 

If,  for  example,  there  is  considered  the  supply  of  10,000,000 
gallons  of  water  daily  from  the  Sierras  to  a  reservoir  back  of 
Oakland,  having  an  altitude  200  feet  above  the  city  base,  the 
cost  of  delivery  under  the  system  of  high  pressure  will  exceed, 
by  a  million  and  a  half  dollars  or  more,  the  cost  of  delivery  to 
the  city  base  -J-  the  capital  represented  by  the  annual  cost  of 
pumping. 

This  is  illustrated  graphically  in  the  following  diagram — the 
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areas   representing  cost — the  total  area    the  cost  of  the  high 
pressure  pipe: 


Inlet 


Beservoir. 


City  Base. 

In  the  estimate,  upon  which  the  diagram  is  based,  the  price 
of  the  pipe  was  obtained  from  a  large  manufacturing  firm. 

If  the  length  of  the  pipe  were  only  30  or  40  miles  there  would 
be  required  a  more  careful  estimate  to  determine  the  choice 
between  the  two  systems. 
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NOTES  ON  THE  BEET  SUGAR  INDUSTRY  IN 
CALIFORNIA. 

BY    E.    C.    BORR,    MEM.    TECH.    SOC.    PAC.    COAST. 
[Read  September   Meeting,  1889.] 


At  a  time  when  the  Beet  Sugar  Industry  is  attracting-  general 
notice,  it  mav  not  be  amiss  to  call  attention  to  some  of  the  points 
which  must  be  considered  to  make  it  a  complete  success. 

It  is  of  first  importance  to  find  out  the  quality  of  soil  which 
will  produce  good  beets,  that  is,  beets  containing  over  twelve 
per  cent,  of  sugar,  with  a  high  coefficient  of  purity,  and  of  a  size 
to  repay  the  farmer  for  raising  them. 

An  analysis  of  a  soil  will  give  no  idea  of  its  capabilities.  The 
only  test  is  to  plant  proper  seed  in  a  proper  manner,  and  exam- 
ine the  resulting  beets. 

In  addition,  the  physical  qualities  of  the  soil  should  be  ob- 
served, for,  although  beets  will  grow  on  adobe  soil  and  clayey 
lands,  it  will  be  found  that  the  cost  of  digging  is  too  excessive 
for  profit.  The  beet  will  also  have  a  tendency  to  grow  out  of 
ground,  showing  that  the  soil  has  been  too  rigid  to  allow  devel- 
opment. A  rich,  loose,  friable  soil  of  a  sedimentary  nature,  is 
the  one  best  suited  fcr  sugar  beets.     Sown  in  early  spring,  when 
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the  earth  is  iu  a  mellow  state,  which  allows  of  its  almost  com- 
plete pulverization,  deepest  plowing  and  perfect  preparation, 
the  beets  show  their  leaves  above  the  ground  within  a  week  or 
ten  days.  Should  a  rain  occur  immediately  after  seeding,  suffi- 
cient to  cake  the  soil,  a  large  percentage  of  the  seed  will  fail  for 
lack  of  power  to  force  its  way  through  the  crust. 

As  soon  as  three  leaves  have  formed,  or  when  the  rootlet  is 
the  size  of  a  slate  peucil,it  is  time  to  begin  the  thinning  out  and 
weeding.  This  requires  much  labor  and  time,  for  the  plants  are 
rapid  growers.  Before  the  whole  acreage,  tributary  to  a  factory, 
has  been  gone  over,  the  roots  will  have  increased  marvelously  in 
size.  The  longer  the  time  in  thinning  out,  the  more  detrimental 
it  is  to  the  plant's  growth,  as  it  is  almost  impossible  to  remove 
superfluous  plants  without  more  or  less  disturbing  the  one  that 
is  to  remain. 

Hardly  is  the  thinning  over  than  it  is  time  to  kill  the  weeds, 
which  for  a  second  time  threaten  to  choke  the  roots.  This 
weeding  over,  the  plants  will  take  care  of  themselves,  and  soon 
shade  the  ground  with  their  broad  leaves. 

In  Europe,  a  third  weeding  is  often  necess  try,  but  our  dry 
climate,  which  later  on  may  cause  doubt  and  anxiety,  saves  us 
the  expense,  and  to  this  extent  is  beneficial. 

Stammer,  the  standard  writer  on  Beets  and  Beet  Sugar,  says 
that  they  delight  in  the  strong  sunshine,  althuugh  sometimes 
there  may  be.  too  much  of  it. 

In  California  there  is  but  little  moisture  in  the  sky  from  April 
to  October.  Unlesv,  the  earth  has  been  thoroughly  saturated  by 
timely  rains  in  winter  and  spring,  there  may  be  fears  of  drought 
with  its  subsequent  curtailment  of  the  yield.  With  all  its  ad- 
vantages of  a  long  tap  root  the  beet  suffers,  and  after  attaining 
half  its  growth  ceases  to  progress,  and  soon  shows  unmistakably 
the  lack  of  water.  The  leaves  begin  to  wilt,  then  shrivel  up 
and  dry.  The  root,  indeed,  does  not  at  once  lose  in  sugar,  but 
on  the  contrary,  shows  a  rapid  increase  in  polarization,  while 
the  quotient  of  purity  remains  unchanged.  Weekly  examina- 
tions of  the  plants  show  a  decrease  in  weight,  first  of  the  leaves 
then  of  the  roots.  The  relations  of  the  solid  matter  remain 
unchanged,  but  the  specific  gravity  grows  higher  each  day. 
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It  bas  been  stated  to  tbe  writer,  on  good  authority,  that  tbe 
eminent  statistician  Licbt,  in  Magdeburg,  denies  tbe  possibility 
of  beets  ever  containing  over  sixteen  per  cent,  of  sugar  on  an 
average.  But  it  is  a  fact  tbat  tbe  beets  raised  tbis  year,  at  and 
around  Alvarado,  contain  an  average  of  twenty  per  cent.,  and  on 
one  farm  near  Centerville  ttte  average  is  as  higb  as  twenty-three 
per  ce.)it. 

It  is  not,  bowever,  a  subject  of  congratulation.  On  tbe  con- 
trary, it  means  abnormal  dryness  of  tbe  soil,  with  consequent 
small  yield  in  weigbt  per  acre. 

As  a  matter  of  fact,  tbe  juice  of  tbe  beets  maintains  tbe  same 
quotient  as  wben  tbe  polarization  was  lower.  Nothing  bas  been 
taken  from  tbe  beet  but  water.  Resulting  from  tbis,  lands 
wbicb  bitberto  bave  yielded  twenty  tons  per  acre,  will  tbis  year 
do  well  if  tbey  produce  ten. 

Taking  tbe  immense  area  of  tbe  State  iuto  consideration, 
tbere  will  always  remain  a  large  extent  of  territory  wbicb  will 
annually  produce  good,  fair-sized  beets,  witb  an  average  polar- 
ization of  about  sixteen  per  cent,  and  quotient  of  eigbty-five  to 
ninet}'. 

"Wbat  irrigation  will  do  for  tbe  beet  cultivation  is  yet  an  un- 
solved problem.  However,  tbere  seems  to  be  no  reason  why, 
by  ceasing  to  irrigate,  say  about  July  1st,  tbe  roots  should  not 
keep  on  growing  until  September. 

Tbe  Coast  counties  will  undoubtedly  retain  their  moisture  in 
ordinary  years,  but  for  tbe  interior  ones  it  will  be  necessary  to 
adopt  some  form  of  irrigation. 

Tbere  is  another  danger  connected  with  an  excessively  mild 
climate,  to  wbicb  attention  must  be  called,  and  that  is  a  warm 
autumn  or  winter  following  the  harvesting  of  tbe  beets.  Wben 
kept  in  sheds  or  piles  the  beets  are  liable  to  sprout  in  tbis  cli- 
mate, and  if  they  do,  a  rapid  change  takes  place  in  the  sugar 
percentage.  A  few  warm  days  in  November  will  spoil  beets 
rapidly  when  not  kept  in  a  cool  place.  Happily  warm  winters, 
like  the  one  which  bas  passed,  are  not  common  within  the 
boundaries  of  our  State. 

The  only  safeguard  against  this  difficulty  is  cold  storage.  With 
a  view  to  determine  how  long  beets  can  be  kept  at  a  low  tern- 
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perature,  it  has  been  decided  to  make  the  test  this  year,  by  plac- 
ing several  tons  of  ripe  beets  in  the  cold  storage  warehouse  in 
this  city,  under  varying  degrees  of  temperature.  If  it  shall  be 
found  possible  to  keep  them  for  six  months,  or  from  October  to 
April,  the  question  of  loss  by  deterioration  will  have  been  solved, 
and,  at  the  same  time,  it  will  be  possible  to  extend  the  manufactur- 
ing season  to  double  its  present  length.  Under  present  circum- 
stances the  campaign  begins  about  the  latter  part  of  August  and 
lasts  until  the  end  of  December.  During  these  months  the  beets 
must  be  kept  in  such  a  way  that  the  suger  contents  do  not  de- 
teriorate. The  European  method  is  to  preserve  the  roots  in  pits 
covered  with  earth  and  straw.  As  the  winter  months  are  cold 
it  costs  but  little  trouble  to  keep  them  at  a  temperature  which 
will  prevent  fermentation  or  germination. 

Nor  must  they  be  allowed  to  freeze,  for  during  the  subsequent 
thawing  a  large  percentage  of  roots  will  spoil. 

In  California  the  climate  is,  as  a  rule,  sufficiently  cool  to  allow 
of  the  preservation  of  the  roots.  Occasionally,  however,  we 
have  a  season  of  exceptional  mildness,  and  it  is  especially  against 
such  a  one  that  precautions  must  be  taken.  As  an  instance  the 
past  winter  may  be  cited,  when,  by  reason  of  the  unusual  tem- 
perature in  December,  over  five  thousand  tons  of  roots  at  Al- 
varado  had  their,  contents  converted  from  sugar  to  gluccse.  At 
Watsonville,  it  was  reported  that  the  loss  was  also  great. 

Of  course,  if  the  beets  could  be  taken  direct  from  the  ground 
to  the  mill  the  loss  would  be  reduced  greatly  in  amount,  but 
this  is  not  always  practicable,  as  the  factory  is  usually  worked 
up  to  its  maximum  capacity,  while  the  deliveries  of  roots  often 
exceed  the  abilities  of  the  factory  to  handle  them.  Sheds  as  a 
protection  from  the  weather  are  now  used,  but  they  hardly  serve 
against  warm  days.  The  quantity  to  store  is  so  large  that  the 
outlay  for  sheds  becomes  quite  an  item  in  the  cost  of  a  sugar 
establishment. 

Possibly  some  method  of  preservation  may  be  devised  to  suit 
the  requirements  of  the  climate. 

The  location  of  a  factory  should  be  carefully  considered,  for 
it  is  a  subject  which  requires  much  thought.  The  soil  of  a  dis- 
trict may  be  adapted  to  the  profitable  culture  of  the  sugar  beet, 
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aud  yet  it  may  be  impossible  to  find  a  suitable  location  for  the 
necessary  building,  where  adequate  supplies  of  water,  limestone, 
and  cheap  fuel  may  be  had.  These  materials  are  used  in  large 
quantities,  and  must  all  be  of  good  quality  and  cheap. 

The  water  required  for  even  a  two  hundred  ton  sugarie 
amounts  to  2,000,000  gallons  e*aily,  when  the  water  is  used  but 
once  and  then  allowed  to  run  to  waste.  The  amount  may  be 
reduced  in  quantity  by  using  settling  ponds  and  cooling  devices; 
but  as  these  cost  nearly  as  much  as  the  factory  itself  they  are 
seldom  employed  even  in  Europe. 

The  greater  part  of  the  water  is  used  for  condensation  on  the 
vacuum  pans  and  multiple  effects.  That  which  is  used  for  dif- 
fusion is  about  one  hundred  and  thirty  per  cent,  of  the  weight 
of  beets  consumed,  and  is  the  nest  largest  item  of  water  supply. 

As  regards  quality,  the  purer  the  water  the  better;  an  absence 
of  magnesium  salts  being  essential  for  boilers  and  diffusion. 

Comparatively  few  localities  in  California  are  bountifully  sup- 
plied with  water,  and  in  locating  a  sugar  factory  one  should 
rather  err  in  having  too  much  than  too  little. 

As  a  factory  uses  so  much  water,  provision  must  be  made  for 
carrying  off  the  waste  waters.  These  cannot  be  returned  to  the 
stream  from  which  they  were  taken,  as  they  are  not  only  offen- 
sive to  the  smell  but  also  detrimental  to  animal  life.  These 
waters  contain  a  high  percentage  of  potassium  salts,  together 
with  nitrogenous  organic  matter. 

For  fertilizing  they  are  unsurpassed,  but  they  are  objectiona- 
ble on  account  of  the  evil  odor  arising  therefrom.  Methods  of 
deodorizing,  more  or  less  costly,  may  be  adopted  to  overcome 
this  evil. 

The  importance  of  a  good  and  plentiful  supply  of  cheap  fuel 
should  not  be  underrated.  The  consumption  of  coal  amounts 
to  22-25  per  cent,  of  the  whole  weight  of  beets  worked,  or  say 
for  a  two-hundred  ton  factory  fifty  tons  per  day.  On  a  ten  per- 
cent, extraction  of  sugar  this  would  amount  to  one  cent  per 
pound  on  the  sugar  manufactured,  with  coal  at  eight  dollars  per 
ton,  a.  very  large  item  where  the  total  cost  of  sugar  must  not 
exceed  three  cents. 
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Petroleum  will,  in  some  localities,  take  the  place  of  coal  for 
fuel,  but  at  present  the  supply  is  insufficient  to  meet  the  demand. 

In  the  matter  of  limestone,  it  may  be  said  that  the  purest 
quality  is  required,  both  as  a  matter  of  economy  and  as  a  reagent 
in  manufacture.  It  does  not  pay  to  use  a  poor  rock,  when  it  re- 
quires as  much  fuel  to  burn  it  as  to  burn  good.  And  in  the  def- 
ecation it  requires  more  time  to  saturate  with  poor  gas  than 
with  rich.  The, presence  of  magnesia  is  prejudicial,  as  many  of 
its  salts  are  soluble. 

Large  quantities  of  lime  are  required  for  defecation,  amount- 
ing with  sour  beets  to  as  much  as  four  per  cent,  of  the  weight  of 
beets  used.  The  sources  of  limestone  in  this  State  are  common 
enough,  but  they  are  not  always  of  a  sufficiently  pure  quality 
for  sugarie  uses.  The  supply  of  good  rock  is  plentiful  enough, 
however,  for  all  factories  which  may  be  built,  and  no  mistake 
should  be  made  in  this  respect. 

It  is  almost  superfluous  to  call  attention  to  the  matter  of  trans- 
portation as  a  factor  in  locating  a  factory,  but  this  item  is  by  no 
means  small,  and  a  high  freight  rate  will  eat  largely  into  the 
profits.  Few  factories  will  handle  less  than  twenty  thousand 
tons  of  all  products  and  supplies,  even  without  taking  the  beets 
into  account.  Water  ti'ansportation  is  not  always  to  be  had,  but 
undoubtedly  those  factories  which  locate  on  great  water  ways 
will  have  a  great  advantage  in  the  development  of  this  industry. 

To  what  limit  per  ton  a  factor}"  can  go  in  its  freight  expendi- 
tures, it  is,  of  course,  impossible  to  foretell,  but  for  those  fac- 
tories which  may  turn  out  refined  sugars  in  localities  distant 
from  the  refining  centres,  a  high  rate  will  prove  advantageous, 
provided  raw  materials  can  be  delivered  at  the  sugarie  for  small 
cost. 

The  question  of  a  sufficient  supply  of  good  and  profitable 
labor  is  one  which,  in  time,  will  solve  itself  At  present  it  is 
difficult  to  get  a  sufficient  amount  of  good  labor.  The  ne- 
cessities of  the  industry,  from  seed  time  to  harvest,  require  a 
small  army  for  their  supply.  The  thinning  and  weeding  admit 
of  no  delay,  and  for  about  two  months,  after  the  beets  are  up, 
the  demand  for  labor  is  constant.  The  woik  of  itself  requires 
no  great  amount  of  strength,  but  the  stooping  posture  in  thin- 
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ning  out  is  very  tiresome,  and  few  white  laborers  like  it.  The 
Chinese  seem  to  be  fitted  by  nature  for  the  business,  and  after 
once  learning  what  is  wanted  can  do  the  work  satisfactorily.  It 
is  better  to  let  it  out  by  contract  at  so  much  per  ton  for  cultiva- 
tion, topping  and  loading,  with  an  advance  when  the  weeding  is 
complete,  rather  than  to  pa}*  bv  the  day,  or  per  acre.  If  paid 
by  the  day  constant  watching  is  required;  if  by  the  acre  they 
thin  out  too  much,  and  the  yield  will  be  small;  by  the  ton,  the 
object  will  be  to  get  the  largest  amount  possible  per  acre.  Chil- 
dren may  be  employed,  but  their  labor  is  uncertain. 

As  the  factory  is  only  in  operation  for  about  four  months,  and 
that,  too,  in  fall  and  winter,  it  is  easy  to  get  sufficient  labor, 
the  only  difficulty  being  that  each  season  sees  a  new  crew,  en- 
tirely unfamiliar  with  the  work.  Local  labor  should  be  utilized 
as  much  as  possible,  and  mauy  will  return  3*ear  after  year.  As 
i  he  country  becomes  more  populated,  this  minor  difficulty  will 
become  less  and  less. 

The  residues  of  a  sugarie  consist  of  pulp,  from  which  sugar 
has  been  extracted,  and  molasses. 

The  amount  of  pulp  turned  out  from  a  two  hundred  ton  fac- 
tory in  a  season  is  very  large,  and  requires  immediate  removal  or 
storage.  The  demands  for  it  are  small  at  present,  but  will  in- 
crease as  soon  as  farmers  discover  its  value.  At  present  it 
stands  in  about  the  same  relative  position  as  do  fertilizers.  The 
farmers  think  they  can  do  without  them.  For  fattening  neat 
cattle  or  for  feeding  dairy  cows,  nothing  can  be  superior.  Still 
its  introduction  will  require  time  and  patience.  The  pulp  should 
be  a  suurce  of  profit  to  a  factory,  and  its  profitable  disposal 
should  be  a  subject  of  interest.  Its  preservation  in  this  climate 
is  open  to  improvement  over  the  present  method  of  simply 
piling  up  and  allowing  to  ferment.  Still,  the  writer  has  seen 
pulp  two  years  old  in  this  State,  which  was  at  that  late  date 
eagerly  sought  after  by  milch  cows.  On  examination,  after  re- 
moving an  outer  layer  of  a  few  inches,  it  was  found  to  be  free 
from  unpleasant  ordor,  and  of  an  agreeable,  slightly  acid  taste. 

The  beet  molasses  is  not  edible,  hence  unsalable  on  the  mar- 
ket as  a  syrup.  As  it  is  only  used  for  making  vinegar,  the  supply 
will  soon  exceed  the  damand — and  then  what  ?     It  contains  too 
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much  sugar  to  he  thrown  away,  but  its  profitable  extraction  is 
an  open  question. 

The  various  extraction  methods  are  numerous,  and  many  of 
them  are  good.  The  one  question  to  be  solved  is  that  of  econ- 
omy. To  extract  the  sugar  alone  cannot  pay  except  with  high 
prices  ruling.  The  conversion  of  the  molasses  into  alcohol  and 
subsequent  recovery  of  the  potash  salts  from  the  residue,  would 
aid  materially  in  the  development  of  the  industry  on  this  coast, 
but  some  modification  of  the  internal  revenue  laws  in  relation  to 
the  tax  on  alcohol  will  be  first  necessary.  Alcohol  for  manufac- 
turing purposes  should  be  free  from  any  internal  tax.  The 
English  system  of  adding  a  certain  amount  of  methylic  alcohol, 
or  "  wood  spirit,"  to  common  alcohol,  might  well  be  adopted  in 
this  country. 

In  conclusion,  although  the  difficulties  in  the  way  of  the  de- 
velopment of  the  Beet  Sugar  Industry  are  tnaay,  there  are  none 
insurmountable.  California  has  many  locations  where  the  ac- 
cessories are  to  be  had  without  incurring  too  great  expense. 

Probably  for  a  few  years  the  pulp  and  molasses  will  return  no 
profit,  but  the  time  will  come  when  a  demand  will  aiise  for  all 
the  pulp  which  can  be  had,  and  a  method  will  be  suggested  for 
the  utilization  of  the  molasses. 

For  some  time  to  come  the  labor  required  for  harvesting  may 
be  dear  and  scarce,  but  that  matter  will  also  adjust  itself  to  cir- 
cumstances. 

Factories  will  be  built  in  the  near  future  with  materials  of 
home  manufacture,  and  the  operators  will  be  Californians. 
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MINUTES  OF  MEETINGS. 

REGULAR    MEETING. 

Friday,  May  3d,  1889. 

President  Man  son  in  the  Chair. 

A  discussion  on  the  proposed  uuion  with  the  Mechanics'  In- 
stitute was  held. 

On  motion  of  Mr.  Gutzkow,  the  Board  of  Directors  was 
directed  to  confer  with  the  Mechanics'  Institute  to  determine 
terms  upon  which  the  Society  can  be  admitted  to  the  Institute, 
and  report  to  the  next  meeting. 

The  President  appointed  Messrs.  Bell,  Wagoner  and  Raymond 
a  "  Committee  on  Windmills." 

Adjourned. 

N.  S.  Keith,  Sec'y. 


REGULAR    MEETING. 

Friday,  June  7th,  1889. 

President  Manson  in  the  Chair. 

Mr.  Ross  E.  Browne's  paper,  entitled  "Economic  Head  for 
Long  Pipes,"  was  read  and  discussed. 

Adjourned. 

N.   S.  Keith,  Sec'y. 


GG  Minutes  of  Meetings. 

There  were  no  Regular  Meetings  of  the  Society  in  the  mouths 
of  July  aud  August,  1889. 


REGULAR    MEETING. 


Friday,  September  5th,  1889. 

Vice-President  Molera  in  the  Chair. 

The  Secretary  read  Mr.  E.  C.  Burr's  paper,  entitled  "  Notes 
on  the  Beet  Sugar  Industry  of  California." 

Adjourned. 

N.  S.  Keith,  Sec'y. 
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A  GRAPHICAL  METHOD  FOR  ESTIMATING 
EARTHWORK. 

Br  Wm.  G.  Raymond,  Mem.  Tech.  Soc.  P.  C. 

[Read  December  Meeting,  1889.] 


In  a  recent  text-book  on  Surveying,  by  Prof.  J.  B.  Johnson, 
of  Washington  University,  we  find  a  method  given  for  graphically 
approximating  the  volume  of  earth  to  be  moved  in  grading  an 
extended  surface  of  irregular  outline.  The  writer  does  not 
remember  to  have  seen  the  method  described  elsewhere.  While 
attempting  recently  to  apply,  from  memory,  the  method  above 
mentioned,  there  was  evolved  a  somewhat  different  way,  which 
it  is  believed  possesses  certain  advantages  over  that  given  in  the 
text-book.  Both  methods  are  so  simple  that  the  writer  does  not 
doubt  they  have  been  used  by  others  ere  this  ;  but  as  he  has  not 
seen  the  one  used  by  himself  in  print,  he  ventures  to  present  it 
as  a  method  of  computation  that  for  irregular  work  is  rapid  and 
as  accurate  as  any  with  which  he  is  familiar. 

Inasmuch  as  it  is  believed  that  the  method  given  by  Prof. 
Johnson  is  awkward  of  application,  under  certain  conditions, 
that  method  will  be  first  considered  for  comparison. 
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Figure  1  is  substantially  that  used  for  demonstration  in  the 
text-book.  The  irregular  full  lines  are  contour  lines  drawn  for 
every  foot  of  elevation,  and  show  the  conformation  of  the  surface 
of  the  ground  in  a  square  which  it  is  proposed  to  grade  down  to 
a  plane  surface  such  that  the  contour  lines  of  the  finished  grade 
shall  be  the  straight  full  lines  drawn  diagonally  across  the 
square.  The  figures  at  the  ends  of  these  lines  and  those  written 
on  the  natural  surface  contours  are  elevations  above  some 
assumed  datum  plane. 

,C  77  7$  /  79    m  d      k    b      A 


The  sides  of  the  square  are  to  be  vertical. 

Where  a  contour  of  the  finished  grade  crosses  a  contour  of 
the  natural  surface,  the  cut  or  fill  (cut  in  this  case)  will  be  the 
difference  in  elevation  between  the  two  contours — "as  for  instance, 
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where  the  grade  contour  78  crosses  the  natural  contour  85.  the 
cut  will  be  7  feet.  By  marking  all  points  of  intersection  with 
the  cut  or  fill  at  those  points  and  connecting  points  of  equal  cut 
or  fill,  we  get  a  series  of  curves  shown  by  the  dotted  lines  in  the 
figure.  These  curves  are  the  traces,  on  the  original  surface,  of 
planes  parallel  to  the  grade  plane  and  uniformly  spaced  one  foot 
apart  vertically.  The  perpendicular  distance  between  two  adja- 
cent planes  is  not  one  foot,  but  something  less  than  one  foot. 
This  distance  may  be  obtained  graphically  by  evident  construc- 
tion, or  it  is  known  from  the  rate  of  grade,  taken  in  a  direction 
perpendicular  to  the  grade  contours.  Let  the  uniform  vertical 
distance  between  adjacent  planes  be  h.  The  excavation  having 
vertical  sides,  the  curves  of  equal  cut  (in  this  figure)  will  all  lie 
partly  in  the  lines  forming  the  sides  of  the  square.  The  closed 
area  made  by  each  of  these  curves  is  the  projected  area  in  cut  in 
its  plane,  and  these  areas  may  be  measured  with  a  planimeter. 
The  area  shown  in  the  figure  over  which  the  cut  will  be  just  8 
feet  is  the  area  A  b  c  A  That  over  which  the  cut  is  just  7  feet 
is  A  d  111  &c.  e  A.  That  over  which  the  cut  is  just  6  feet  its 
Af  666  &c.  y  B  h  666  &c.  i  A. 

The  areas  for  1,  2  and  3  feet  cut  are  each  the  whole  square. 

These  areas  being  measured  they  are  used  as  end  areas,  the 
common  vertical  distance  between  them  as  length,  and  the 
volume  computed  by  th«  prismoidal  formula. 

For  the  quantity  between  alternate  planes,  we  have,  letting 
Ax  A2  A3  &c.  be  the  areas  of  the  planes, 

v„=4"  (ai+4a»+a0 

V  3..  =  -j  (A3  +  4  A4  +  A5  )  &c,  and 
for  an  even  number  of  layers  we  have  in  cubic  yards— 

V  =  3^7  (ax  +  4  A,  +  2  A3  +  4  A4  +  2  A,  +  etc A„  ) 

n  being  an  odd  number. 

Thus  far  the  method  seems  to  be  correct,  but  we  have  consid- 
ered only  grading  to  a  plane.     If  the  surface  to  which  we  are  to 
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grade  is  a  warped  or  other  irregular  surface,  partly  in  cut  and 
partly  in  fill,  the  writer  conceives  that  the  method  is  not  readily 
applied,  as  will  appear  in  the  consideration  of  the  second  case. 


F/j.  2 


The  method  proposed  by  the  writer  consists  in  drawing  the 
natural  contours  over  the  area  to  be  improved,  and  then  the 
contours  of  the  finished  grade.  The  closed  figures  formed  by  the 
intersecting  contours  of  equal  elevation  are  horizontal  areas  of  cut 
or  fill  separated  by  the  common  vertical  and  perpendicular  dis- 
tances between  successive  contours.  These  areas  may  be  measured 
and  the  computation  made  by  the  prismoidal  formula,  as  in  the 
previous  method.  Where  the  grade  contours  do  not  intersect 
natural  contours  of  equal  elevation,  but  themselves  form  closed 
areas,  those  areas  are  to  be  measured.  Taking  the  figure  we 
have  already  given,  some  of  the  areas  of  cut  would  be  as  follows: 
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At  87  foot  level  area  A  k  1  A. 
"  86    "       "       "     A  m  n  A. 

"79    "       "       "     oCprDs  o. 
"  71    "       "       "     tBu  t. 

Let  us  now  take  the  same  plot  of  ground  and  suppose  it  is 
required  to  grade  it  only  to  a  somewhat  more  even  or  smooth 
surface,  preserving  practically  the  same  general  form,  and  as 
nearly  as  may  be  the  natural  elevations  on  the  boundaries.  In 
Figure  2  we  bave  the  plot  with  grade  contours  shown  by  the 
more  regular  and  lighter  curves.  The  dotted  lines  joining  the 
intersections  of  contours  of  the  same  elevations  are  lines  on  the 
original  surface  where  adjacent  cut  and  fill  meet,  i.  e.,  "grade 
lines."  In  the  case  of  the  small  cut,  near  the  top  of  the  figure, 
marked  A,  there  are  two  possible  sets  of  grade  lines,  as  shown. 
A  knowledge  of  the  ground  would  tell  which  to  use.  Some  of 
the  areas  would  be  as  follows.  Beginning  with  the  small  piece 
of  cut  on  the  right  we  have — 

At  81  foot  level  area  in  cut,  nothing. 
"  82     "       "       "      "     "     ac  b. 
"  83     "       "       "      "     "     d  e  f. 
"  87     "       "       "      "     "     nothing. 

We  next  have  fill  areas  as  follows: — 
At  88  foot  level  area  in  fill,  nothing. 
"  87     "       "       "      "     "    CI  h  i. 
"  86     "        "       "      "    "    kl  m,  &c. 

The  areas  being  measured  the  computations  are  made  as 
before.  It  is  not  affirmed  that  the  solids  computed  are  all  pris- 
moids,  but  that  the  prismoidal  formula  when  applied  to  them 
will  give  results  as  near  the  truth  as  any  other  method,  and  as 
accurate  as  the  construction  will  warrant. 

The  method  herein  presented  has  given  the  writer  great  satis- 
faction in  just  such  irregular  work  as  that  outlined  above,  and 
also  in  computations  for  regular  structures  built  on  irregular 
ground. 

One  example  will  be  given  : — 

A  small  reservoir  is  to  be  built  on  a  hillside,  and  will  be  partly 
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in  excavation  and  partly  in  embankment.  Figure  3  shows  such 
a  case.  The  contours — for  the  sake  of  simplicity  and  brevity — 
are  spaced  five  feet  apart.  The  top  of  the  wall — shewn  by  the 
full  lines  making  the  square — is  ten  feet  wide  and  at  an  eleva- 
tion of  660  feet.  The  reservoir  is  20  feet  deep,  with  side  slopes 
— both  inside  and  outside — of  two  to  one,  making  the  bottom 
elevation  640  feet,  and  20  feet  square,  the  top  being  100  feet 


CiO 
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square  on  the  inside.  The  dotted  lines  are  contours  of  the 
finished  slopes,  both  inside  and  out,  at  elevations  shown  on 
the  figure.  The  areas  in  fill  all  fall  within  tbe  broken  line 
marked  abedefghik,  and  the  cut  areas  all  fall  within  the 
broken  line  marked  a  b  c  d  e  f  g  o.  These  broken  lines  are 
grade  lines.     The  areas  of  fill  and  cut  are  readily  traced   by 
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following  the  closed  figures  formed    by  contours  of  equal  eleva- 
tion, thus — 

At  640  foot  level  area  in  fill  is  p  s  t. 
"  650    "       "         "     "     "       1  m  n  u  v  x  1. 
"  650    "       "         '       "     cut  is  1  2  3  u  x  1. 

The  other  areas  are  as  easily  traced.  In  the  figures  given  the 
lines  have  all  been  drawn  in  black  for  economy  in  printing.  In 
practice  they  should  be  drawn  in  different  colors  to  avoid  con- 
fusion. 

The  method  thus  outlined  in  this  paper  might  be  used  in  con- 
nection with  contour  maps  of  railway  locations  for  preliminary 
estimates,  but  the  writer  is  not  sure  that  there  is  anything  to  be 
gained  by  its  use  in  this  way.  It  possesses,  perhaps,  one  small 
advantage,  in  that  it  applies  mechanically  the  curvature  cor- 
rection. 
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ON  THE    STRAINS    IN    CURVED    MASONRY    DAMS. 

By  Hubert  Vischeb  and  Luther  Wagoner, 
Hems.  Tech.  Soc.  P.  C. 

[Read  November  1st,  1889.] 

Explanatory  Note.— In  this  paper,  the  term  strain  has  not  been  used  to  designate 
elastic  changes  in  dimension,  as  cow  customary  with  many  writers.  Stress  and  strain  are 
employed,  without  distinction,  to  signify  internal  forces  per  unit  area. 

The  object  of  this  paper  is  to  submit  to  the  Society  the  results 
of  a  set  of  calculations  which  were  made  mainly  with  reference 
to  the  Bear  Vallej'  Dam.  Full  plans  of  this  structure  were 
courteously  furnished  us  by  Messrs.  Black  and  Chamblin,  Civil 
Engineers,  at  the  request  of  F.  E.  Brown  the  engineer  who 
built  the  dam,  and  to  whom  we  had  written  for  data. 

The  failure  of  this  structure  to  collapse  under  the  pressure  of 
a  full  reservoir  which  it  has  now  borne  for  five  years,  augmented 
at  times  by  the  thrust  of  a  sheet  of  ice  two  feet  in  thickness 
has  been  a  matter  of  surprise.  Tested  by  theory  as  commonly 
applied  to  masonry  dams,  failure  should  have  resulted,  and  its 
efficiency  points — we  believe — to  the  strains  being  taken  up  by 
this  dam  in  some  manner  other  than  is  usual)}'  assumed. 

We  have  been  led  to  a  theory  which  this  paper  will  outline, 
but  which  we  prefer  to  offer  as  an  application  to  an  accom- 
plished fact  rather  than  as  a  purely  theoretical  deduction. 

The   Sweetwater  Dam,*  another  interesting  structure,  but  of 

"Designed  and  bnilt  in  1888  by  Jas.  D.  Schuyler,  Chief  Engineer,  near 
National  City,  San  Diego  County.  For  description  see  Transacts.  Amer 
Soc.  Civil  Eugrs.,  Vol.  XIX;  page  201. 
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far  less  startling  design,  which  during  most  of  the  time  of  its 
construction  was  immediately  supervised  by  one  of  the  writers, 
has  been  subjected  to  partial  examination  where  comparative 
figures  were  desired. 

A  difference  of  opinion  has  long  existed  among  engineers  as 
to  the  extent  to  which  masonry  dams  built  to  a  circular  curve 
in  plan,  can  offer  resistances  additional  to  those  which  a  straight 
dam  of  the  same  cross-section  would  oppose  to  its  water  load. 

By  some  it  is  taken  for  granted  that  the  curved  structure  is 
free  to  act  as  an  arch,  and  capable  of  transferring  all  its  load 
through  the  curve  to  its  abutments  ;  it  is  maintained  by  others 
that  no  such  action  can  take  place,  or  if  it  takes  place  at  all, 
then  only  to  a  limited  extent  hardly  worth  considering  in  a  de- 
sigu.  The  result  of  our  calculations  leads  us  to  conclude  that 
the  latter  statement  is  practically  correct;  that  arch  action, 
as  usually  understood,  adds  but  little  to  the  strength  of  a 
curved  dam,  notwithstanding  which  the  curved  form  may  to  a 
very  marked  degree  afford  additional  resistance,  and  this  in  a 
manner  less  dependent  on  the  radius  of  tbe  curve  thau  the  arch 
theory  implies. 

If  our  explanation  proves  correct,  we  believe  that  the  infer- 
ence to  be  drawn  from  our  paper  will  not  be  without  practical 
value  ;  if  it  fail  under  a  practical  test,  we  hope  that  our  figures 
may  still  preserve  some  interest  and  may  invite  further  study  in 
other  quarters.  Whatever  the  outcome,  we  trust  to  have 
pointed  out  the  inadequacy  of  the  usually  accepted  theories  to 
explain  tbe  case  of  the  dam  at  Bear  Valley. 

Were  abridgement  not  an  object,  through  fear  of  overstepping 
the  proper  limits  for  a  paper,  it  might  not  be  uninteresting  to 
briefly  review  the  literature  which  has  accumulated  upon  this 
subject.  French  engineers  have  long  considered  the  question 
and  the  "Annales  des  Ponts  et  Chaussees"  may  be  referred  to  for 
several  papers.  During  the  last  two  years  the  subject  has  at- 
tracted much  attention  in  this  country  owing  to  the  proposed 
construction  of  the  Quaker  Bridge  dam,  which  is  designed  to  be 
265  feet  high  from  the  foundations,  the  largest  dam  ever  pro- 
jected. The  question  of  the  relative  merit  of  the  curved  and 
straight  type  was  discussed  in  the  report  to  the  Croton  Aqueduct 
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Commission,  the  conclusion  arrived  at  being  that,  in  the  case 
under  consideration,  a  curved  dam  would  require  a  section 
about  twice  as  great  as  that  recommended  for  a  straight 
gravity  dam;  that  is  to  say,  were  the  dam  to  act  purely  as 
an  arch,  the  application  of  the  ordinary  formula  for  arch 
pressure  ("hoop  pressure")  would  give  the  above  value  for 
the  requisite  cross-section,  provided  the  strains  were  not  to  ex- 
ceed desirable  limits;  and  the  report  concluded  that,  beyond 
certain  widths  of  canon  (by  which  the  available  radii  are  in  a 
measure  determined),  the  curved  type  ceased  to  present  any  ad- 
vantages and  possessed  inherent  objections.* 

The  report  attracted  considerable  notice  in  the  engineering 
periodicals  of  the  time.  That  the  conclusions  did  not  receive 
unqualified  acceptance  may  be  seen  from  the  very  cleverly  writ- 
ten review  which  the  editorial  columns  of  the  "  Engineering: 
News"  contained,  and  also  from  the  final  recommendations  of 
the  "Board  of  Experts,"  who  subsequently  recommended  a 
curved  dam.  Attention  is  also  invited  to  the  discussion  which 
Mr.  Schuyler's  paper  on  the  Sweetwater  Dam  called  forth 
in  the  American  Society  of  Civil  Engineers, f  which  discussion 
is  of  interest,  as  it  states  the  views  of  many  well  qualified  pro- 
fessional men.  The  present  paper  has  probably  found  its  direct 
incentive  in  that  debate. 

Stated  briefly,  the  point  in  dispute  is  about  as  follows.  For 
narrow  gorges  the  application  of  the  formula  for  arch  pressures 
may  be  made  to  give  cross-sections  of  considerable  economy  over 
gravity  profiles.  |  The  advocates  of  the  curved  type  seek  to 
utilize  this  fact,  and  assuming  the  capacity  of  the  dam  to  act  as 
an  arch  design  accordingly.  Against  this  method  it  has  been 
urged  that  the  conditions  for  arch  action  do  not  exist,  and  that 
the  fundamental  assumption  above  made  is  an  erroneous  one. 
It  is  suggested  that  the  curved  dam  essentially  differs  from  an 
ordinary  arch  in  the  fact  that  it  is  rigidly  fixed  to  its  founda- 

*We  shall  show  that  the  formula  for  the  arch  thrust  which  led  to  this 
conclusion,  does  not  hold  good  for  arches  of  elastic  material. 

tSee  Transactions  Amer.  Soc.  Civ.  Engineers,  Vol.  XIX,  No.  398. 

iSee  Ponts  et  Chaussees,  Vol.  141  (1879),  Paper  No.  17,  by  M.  Pelletreau. 
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tions.  Now  the  action  of  an  arch  is  to  resist  its  load  by  com- 
pressive strains  transmitted  along  its  curved  lines  to  the  abut- 
ments, whereby  owing  to  the  compressibility  of  all  material 
under  pressure,  a  shortening  of  the  length  of  the  arch  must 
result,  and  owing  to  this  change  in  length,  a  change  in  the  form 
of  the  arch  takes  place,  all  points  being  pressed  inward  under 
the  load  ;  hence,  a  certain  freedom  of  motion  is  an  essential 
condition  for  arch  action.  At  the  base  of  the  dam  this  condi- 
tion cannot  exist,  and  at  higher  points  in  the  dam  it  exists  only 
to  the  extent  to  which  the  elasticity  of  the  masonry  (in  a  vertical 
sense)  admits  of  motion  such  as  arch  action  requires.  Consid- 
ered thus,  the  initial  strain  must  be  taken  up  and  transmitted  to 
the  foundations,  and  arch  action  can  only  play  a  secondary  part, 
relieving  to  a  greater  or  less  extent  the  strains  which,  if  the 
dam  were  a  straight  one,  would  all  go  to  the  base  of  the  dam. 
It  would  therefore  appear  merely  a  question  to  determine  for 
any  given  case,  what  proportion  of  the  load  is  taken  up  by  the 
arch. 

The  opponents  to  the  use  of  all  curvature,  however,  maintain 
that  the  curved  dam  is  a  compound  system,  in  which  the  factor 
of  arch  resistance  is  so  indeterminate  that  good  practice  pre- 
cludes its  consideration,  and  that  the  curved  dam  should  be 
given  a  section  exactly  the  same  as  that  for  a  straight  gravity 
section.  From  this  they  conclude  that  as  the  curved  dam  is 
longer  than  a  straight  one,  an  unnecessary  use  of  material  re- 
sults from  the  use  of  the  curve,  the  only  offsetting  gain  being  a 
possible  enhancement  in  architectural  effect.  In  this  connection 
the  sacrifice  of  a  so-called  "  scientific  method,"  the  departure 
from  the  suppositiously  simple  strains  in  the  straight  type  ap- 
pears a  point  of  much  concern  to  the  holders  of  these  views.* 

Of  the  three  notable  dams  with  cross-sections  smaller  than 
would  b.e  accordant  with  conservative  practice  for  the  design  of 
straight  dams  under  like  conditions,  the  Sweetwater  Damf  and 
probably  the  Zola  Dam  also,  can  hardly  be  drawn  on  as  estab- 

*As  regards  the  real  simplicity  of  strains  iu  straight  dams,  we  sliall  have 
something  further  to  say  later  on. 

tFor  cross-section,  see  sheet  4. 
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lishing  precedents  for  the  auxiliary  action  of  curvature.  For, 
even  without  any  such  outside  support,  they  do  not  warrant  the 
-expectation-  of  failure,  as  they  are  stable  structures  against 
which  it  can  alone  be  urged  that  they  may  contain  tensile  strains 
in  excess  of  what  good  practice  usually  sanctions.  Concerning 
the  Bear  Valley  Darn  we  regard  the  case  as  different.  Absolute 
failure  was  predicted,  and  correctly  too,  provided  the  strains  in 
curved  dams  corresponded  at  all  closely  to  those  determinable 
for  straight  dams.  The  design  could  hardly  have  been  made 
with  less  regard  to  theory,  had  it  specially  aimed  to  serve  as  a 
test  case  ;  apart  from  its  startliugly  slender  dimensions,  it  spans 
an  arc  of  only  42i  degrees,  and  its  radius  is  comparatively 
speaking  very  large — say  837  feet  to  the  center  of  its  copiDg. 
The  dam  differs  so  materially  from  any  previous  structure  that 
it  cannot  fail  to  be  an  interesting  subject  for  study  ;  its  success- 
ful record  may  well  put  our  theories  to  the  test. 

In  the  discussion  of  Mr.  Schuyler's  paper  an  investigation 
was  proposed,  the  object  of  which  was  to  establish  the  extent  to 
which  arch  action  might  enter  into  the  problem.  Our  first 
studies  were  directed  to  carrying  out  this  calculation,  an  intelli- 
gent application  of  which  encountered  difficulties  evidently  not 
foreseen  by  the  proposers  of  the  method.  The  results  form  the 
fi-st  portion  of  our  paper  and  are  given  without  any  prelimi- 
nary comment  as  to  the  extent  to  which  the  method  compre- 
hends the  full  elements  of  the  problem.  The  suggestion  is  an 
outside  one,  but  we  hope  to  have  applied  it  fairly. 

FIRST  METHOD  OF  TREATMENT. 

Consideration  of  the  Curved  Dam  as  a  System  of  Elastic  Vertical 
Beams,  Relieved  by  Spring  Compression  (Involute  Hypothesis). 

The  proposition  is  to  imagine  the  dam  sliced  up  by  vertical 
radial  planes  into  separate  beams  of  unit  width,  and  to  deter- 
mine the  deflection  which  each  such  beam  would  sustain  under 
its  portion  of  the  external  load,  if  it  were  imagined  to  rest  on  a 
layer  of  springs  so  adjusted  that  they  may  offer  the  same  resist- 
ance to  compression  at  all  points  as  would  be  offered  by  the 
arch,  if  compressed   to  a  like  degree.     The  idea  is  represented 
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in  the  adjoining  Fig.  1.  AB  is  a  leaf  spring  supported  by 
springs  of  varying  strength,  sv  s„  ss,  &c,  but  all  of  originally 
'ecpaal  length  AC  =  a,  and  acted  upon  by  forces  kx,  k.v  k3,  &c  , 
which  deflect  it  into  the  new  position  ABi.  We  desire  to  deter- 
mine the  form  of  ABi  after  compression  ;  also  the  distribution 
of  the  load  between  the  leaf  and  spiral  springs 

The  problem  appears  a  somewhat  novel 
one,  and  at  first  sight  the  data  for  its  de- 
termination seems  insufficient.  However, 
the  real  difficulty  lies  principally  in  not 
knowing  in  advance  the  exact  form  which 
the  arch  will  assume  under  any  load  to 
which  it  may  be  subjected.  It  is  clear 
that  upon  the  form  assumed  by  the  curve 
for  any  given  deflection,  say  one  inch  at 
the  crown  of  the  arch,  will  depend  its 
modified  length  after  compression,  that 
is  to  say,  the  resistance  in  pounds  for  this 
deflection. 

As  regards  the  nature  of  the  curve  which 
<— --  the  compressed  arch  would  assume,  cer- 
/r?  tain  inferences  could  be  made  with  cer- 
tainty that  they  must  apply  to  the  actual 
"  £^  c&n^<?N  N^  form.  Owing  to  the  symmetrical  law  of 
loading,  it  was  safe  to  assume  that  the 
tangent  at  the  crown  after  deflection,  would  still  preserve  its  di- 
rection; also  that  atthe  abutment  the  tangent  must  remain  un- 
altered ;  for  a  sudden  change  in  direction  at  the  abutment  must 
mean  rupture  of  the  arch  from  its  end  supports.  Regarding  the 
arch  as  acurvedbeam,  certain  known  qualifies  of  such  beams  made 
it  clear  that  the  form  must  be  such,  that  its  radius  of  curvature 
could  only  increase  by  successive  increments  from  the  abutments 
towards  the  crown  ;  that  the  moments  of  the  external  load  and 
the  abutment  reactions  by  which  the  shape  of  the  arch  is  de- 
fined must  change  continuously,  and  are  not  liable  to  reach  a 
maximum  or  minimum  value  for  some  intermediate  point  be- 
tween the  abutments  and  the  crown,  and  then  change  from  in- 
creasing to  waning  values  or  the  reverse. 
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Not  to  complicate  the  calculations  too  much  in  its  earlier 
stages,  it  appeared  desirable  to  assume  some  curve  which  seemed 
suitable,  and  whose  mathematical  relations  are  determinable  by 
calculation,  and    afterwards    to  test  the  correctness  of  the  as- 


sumption. The  curve  which  was  assumed  for  the  deflected  arch 
was  that  shown  in  Fig.  2,  namely,  the  involute  to  (two)  circular 
generating  circles  (e volutes).  In  this  figure,  AB  represents 
one-half  of  the  original  undeflected  arch,  A  being  the  abutment 
and  B   the   middle  point  or  crown.     ABt  is  the  corresponding 
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half  arc  after  deflection,  and  BB!  the  movement  at  tbe  crown 
For  any  given  value  of  the  half  central  angle  2V  and  radius  K 
of  the  arch  before  deflection,  we  may  determine  the  radius  of 
the  evolute  for  any  assumed  value  of  the  crown  deflection  BB,  ; 
also  z,  the  shortening  of  the  arc,  or  the  difference  between  AB 
and  AB,  ;  furthermore  the  radial  distance  LK,  at  any  point  L 
on  the  arc  to  the  opposite  point  K  on  the  involute,  and  tbe  dif- 
ference in  direction  of  taugency  of  the  two  curves  at  these 
points.  Tbe  main  properties  which  concern  us  are  the  short- 
ening z  of  the  half  arch  AB  for  any  value  of  R  aud  2V,  the 
half  central  angle  of  the  arch.     It  can  be  shown  that 

2  =  QBB1)2V, 

or,  for  the  shortening  of  the  whole  arch, 

22  =  BB,  X  2V. 

That  is,  the  compressiou  of  the  whole  arch  equals  the  as- 
sumed deflection  times  the  arc  of  the  half  central  angle  of  the 
arch.* 

For  any  point,  L,  whose  angular  distance  from  A  is  v,  the 
offset,  LK,  is 

LK  =  r  (MangW  —  lif). 

For  20  points  on  the  curve  evenly  distributed  along  the  arc, 
the  offsets  expressed  in  percentages  of  BBi  (the  crown  deflec- 
tion), are  as  follows: 


AL  iu  ?V  of  arc  AB 

LK  in  percentages  of  BB,. . 

AL  in  4^  of  arc  AB 

LKin  percentages  of  BB,.. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

007 

.028 

.061 

.104 

.156 

.216 

.282 

.352 

.  425 

11 

12 

13 

14 

15 

16 

17 

18 

19 

.575 

.648 

.718 

.784 

.844 

.896 

.939 

972  .993 

10 
.500 


20 
1.000 


*  The  term  arc  is  used  throughout  the  paper  iu  its  ordinary  mathemati- 
cal sense;  namely,  the  ratio  of  the  length  of  any  arc  of  a  circle  to  its  radius, 
the  angle  being  expressed  in  terms  of  rz,  not  in  degrees  aud  subdivisions  of 
degrees;  the  relation  being  ^=3.14159  =  ISO \  Hence,  all  angular  values 
a.  is.  <».  V,  Arc.,  always  siguify  the  length  of  the  arc  whose  central  angle  is 
'/.    is .   <».  V,  4c.,  but  measured  upon  a  circle  whose  radius  is  unity. 
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Having  decided  temporarily  to  consider  the  deflected  arch  as 
the  involute  determined  by  the  deflection  BBi,  we  may  proceed 
to  determine  the  value  of  the  spring  reactions,  or  the  uniformly 
distiibuted  load  which  is  required  to  produce  a  crown  deflection 
BBj,  equal  1  inch  in  any  section  of  arch  1  foot  high.  The  ex- 
ternal load  of  q  lbs.  per  square  foot  will  produce  a  pressure  of 
qR  lbs.  in  the  section  of  the   arch,  and  if  /  be   the   thickness   of 

qH 

the  arch  at  the  point  considered,  then  —    =  s  will  be  the   strain 

per  square  foot,  or  hoop  tension  in  the  arch.     The  general   lav? 
of  compression  is —  . 

s:(144E)  =  /  :  L. 
If 
(144E)  =  modulus  of  elasticity  per  square  foot, 
/,  the  compression    of  the   whole   arch   (  =  2z  =  BB^V  =  TV  a; 

viz:  for  a  =  h  central  angle  aud  BB,  =  1  inch  =  1,o  foot), 
L  =  Length  of  the  whole  arc  =  2Ra; 

For  which  values  our  formula  becomes, 

oR 


t 


(144E)  =  rV«  :  2Ra,    from  which 


TV(144E)< 
9=         2B7       ' 

q  being  the  force  per  square  foot  to  produce  1  inch  deflection 
at  crown,  /  and  R2  being  expressed  in  feet. 

Having  now  settled  upon  an  expression  for  the  spring  reac- 
tions (under  the  assumption  that  the  deflected  arch  will  take  the 
involute  form),  we  may  proceed  to  determine  the  proportion  of 
the  load  which  will  be  sustained  by  the  beam,  and  what  portion 
will  be  borne  by  the  springs  (i.  e.  by  arch  compression). 

In  our  calculations  for  the  Bear  Valley  Dam  we  doubled  the 
value  of  the  spring  reactions,  which  was  equivalent  to  assuming 
a  modulus  twice  as  great,  or  double  stiffness  for  the  material  in 
a  horizontal  sense  that  it  was  assumed  to  possess  in  a  vertical 
sense.  The  reason  for  doing  this  was  that  the  dam  is  built  of 
long  stones  with  relatively  less  mortar  joints,  horizontally,  and 
the  modulus  of  the  granite  undoubtedly  being  greater  than  that 
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for  mortar,  we  made  this  concession,  being  for  our  purposes 
.quite  willing  to  give  the  benefit  of  any  doubt  that  might  exist 
in  favor  of  arch  action.  We  used  a  modulus  of  3,000,000  for 
the  arch  force  and  only  1,500,000  per  square  inch  for  the  beam. 
In  all  subsequent  calculations  a  modulus  of  1,500,000  lbs.  was 
used.  The  absolute  value  employed  was  probably  rather  small; 
however,  except  in  the  case  here  referred  to,  where  a  relatively 
greater  value  is  used  for  one  portion  of  the  masonry  than  for 
another  (the  masonry  being  imagined  to  be  stiffer  in  one  direc- 
tion than  another),  it  is  perfectly  immaterial  what  value  be 
taken  for  E,  as  long  as  relative,  not  absolute  deflections  are  con- 
sidered. The  modulus  is  a  common  factor  of  all  terms,  hence  is 
always  eliminated. 

The  solution  is  not  a  difficult  although  not  a  direct  one,  but 
obtainable  by  the  method  of  approximations. 

Were  the  beam  unsupported  entirely  and  subject  to  no  spring 
reactions,  the  shape  which  the  beam  would  assume  under  its 
load  and  its  deflections  at  all  points  would  be  easily  determined 
from  the  equation  of  the  elastic  line,  which  in  its  simplest  form  is 

L     M 

P   =ET 

p  being  the  radius  of  curvature  at  any  point  for  which  the 
moment  of  external  forces  is  M,  and  the  moment  of  inertia  of 
the  cross-section  of  the  beam  at  that  point  being  T  (namely  for 
rectangular  beams  one  foot  wide  and  t  feet  high,  T  =  TM3)>  all 
measurements  being  in  feet. 

From  inspection  of  Fig.  3  it  will  be  seen,  if  we  consider  a 
small  part  of  the  elastic   line  as  a  circular  arc  of  radius  p,  that 

the  value—  is  the  central  angle  and  — the  deflection  angle  cor- 

i"  ty' 

responding  to  a  length  of  the  arc  1  foot  long.  By  considering 
the  whole  beam  divided  into  n  equal  parts,  each  of  the  length 

— =  Z]}  then  if  n  be  taken  sufficiently  large  we  may  consider  for 

the  small  length  lx  the  radius  p  still  unchanged  for  the  whole 
element  lv  and  then  suddenly  compounded  with  a  new  radius  pv 
which  may  again  be  considered  as  describing   an   arc  which,  for 
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an  equal  length  —  —^  may  again   be  substituted   without  error 

for   the  corresponding  length  11  of  the  elastic   line.     Thus,  by 
suitable  selection  of  n,  a  compound  curve  may  be  substituted  for 


the  elastic  line,  which  it  will   correspond  to.  to  within  any  de- 
sired degree  of  accuracy.     Similarly  -J  and — I  will  represent  re- 

P         %P 
spectively  the  central  angle  and  the  deflection  angle  for  a  length 
of  curve  lx.     As  we  are  dealing  with  very  small  angles,  we  are 

warranted  in  setting  tangent  — l—  for   -J-   whence  for  the  linear 

'l'l  2/5 

offset  or  deflection  of  the  point  Ax  from  the  tangent    AB,  we 
have — 

4° 

or  inserting  for-,  its  value  from  the  equation  of  the  elastic  line, 
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f  =a  =    Z'M 
1        '       2ET' 

For  E  we  must  here  write  144E,  if  we  wish  E  to  represent  the 
modulus  per  square  inch;  futhermore,  if  J\  is  to  be  represented 
in  inches,  then  a  factor  12  must  be  introduced  and  we  have 

/i  (in  inches)  =  -        — — r=        '     =  «,  (m  inches). 
2(144E)12       lU 

Now  if  we  represent  b}7  the  letter  a  the  deflection  from  the 
tangent  to  the  curve  at  the  last  preceding  point,  and  by  f  the 
total  deflection  from  the  original  tangent  AB,  then  at  the 
second  section  from  the  base  we  will  have 

f.2  ■=  A.,  B,  =J\  -f-  2al  -f-  a.,  =  da^  -\-  a.„  where  a2  would  be 

Ml3 
a,  =       J,*    and  the  deflection  at  any  point  will  be  as  follows: 

/i  =  «i 

./s  —  Sffi  +  3a,  -f-  a3 

/i  =  7«i  +  5a2  -r  3«3  +  a4 
etc.,  etc. 

/n=(2M-l)a1-f;2n-3)a2+(2n^.5)a3+....  +  ....+5au_s+3fln_1+fln 

For  the  Bear  Valley  dam  we  have  divided  the  height  43  feet 
into  ten  parts,  whence  l^  =  4.3  feet,  ami  using  a  modulus  of  H 
million,  our  deflection  formula  becomes — 

/  (in  inches) 


b.uuu.uuur 


from  which  and  the  preceding  the  .elastic  line  for  the  unsup- 
ported beam  was  calculated  (see  sheet  2,  right  hand  side).  This 
stiain  sheet  also  shows  the  moments  of  the  external  forces  acting 
upon  the  beam,  namely  the  moment  of  water  pressure  acting 
horizontally,  shown  as  a  curve  in  broken  lines;  then  the  same 
modified  for  the  influence  of  vertical  water  load  on  the  back  of 
the  wall  and  the  influence  of  excentricity  of  the  weight  of 
masonry,  shown  as  a  curve  with  a  full  unbroken  line.     The  or- 
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dinates  to  this  curve,  measured  horizontally  from  the  axis  AA, 
are  the  moments  used  for  calculating  the  deflection?  of  the 
unsupported  beam. 

Now,  as  regards  the  action  of  the  spring  forces,  if  we  draw 
them  into  the  calculation  (presupposing  the  formula  to  have 
been  tabulated  for  all  required  clam  thicknesses),  it  is  clear  that 
the  unsupported  beam  has  deflected  more  at  all  points  than'  it 
would  have  deflected  had  elastic  springs  opposed  its  deflection. 
On  the  other  hand,  if  we  assume  that  the  springs  really  acted 
during  the  first  unsupported  deflection  and  were  actually  com- 
pressed to  the  fall  extent  of  the  deflections  for  the  unsupported 
beam,  it  is  evident  that  the  resistance  so  computed  would  be 
greater  than  the  beam  would  really  be  subjected  to.  For  had 
spring  resistances  been  introduced  into  the  original  calculation, 
the  beam  would  have  been  deflected  less  than  our  calculation 
showed;  hence,  the  springs  themselves  would  have  been  less 
compressed  than  to  the  extent  of  the  deflections  of  the  unsup- 
ported beam.  The  curve  marked  "  spring  reactions,  correspond- 
ing to  deflections  of  unsupported  beam,"  gives  these  limiting 
values  for  the  spring  reactions,  measured  horizontally  from  the 
axis  A'A1. 

Now,  if  we  draw  these  reactions  with  their  excessive  valaes 
into  the  calculation,  calculate  the  values  of  the  resisting  mo- 
ments which  they  would  exert  at  each  section  of  the  beam,  deduct 
their  values  from  the  moments  used  to  determine  the  elastic  line 
for  the  unsupported  beam  and  use  the  residual  moments  to  cal- 
culate a  new  elastic  line,  we  can  predict  that  this  line  will  be 
deflected  less  at  all  its  points  than  would  the  beam  if  it  rested 
on  the  actual  springs;  for  these  deflections  were  calculated  with 
a  greater  spring  resistance  than  would  actually  be  exerted.  The 
true  elastic  line  must  therefore  lie  somewhere  between  the  first 
and  last  calculated  line,  which  is  shown  on  sheet  2  and  marked 
"  1st  approximation  to  the  elastic  line  of  supported  beam." 

As  regards  the  moments  of  the  spring  resistances  which  we 
assumed  to  have  been  calculated  in  the  calculation  which  has 
been  just  outlined,  their  determination  is  very  simple,  and 
graphical  methods  are  very  appropriate.  From  the  curve  of 
spring  reactions  we  know  the  rate  of  spring  resistance  at  each 
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section  of  the  beam.  For  this  curve,  the  area  embraced  between 
any  two  'sections  and  the  curve  and  the  axis  represents  the 
amount  of  spring  resistance  acting  on  this  section  of  the  beam, 
and  the  center  of  pressure  of  the  reactions  on  this  section  must 
pass  through  the  center  of  gravity  of  the  enclosed  figure.  In 
our  calculations  we  considered  it  sufficiently  close  to  take  a 
mean  between  the  extreme  values  of  the  spring  forces  at  the  top 
and  bottom  of  any  subdivision,  multiplying  it  into  the  height  of 
the  subdivision,  4.3  feet,  and  considering  the  product  as  a  con- 
centrated load  acting  at  the  center  of  the  section. 


Now,  to  recall  an  elementary  graphical  construction — see 
Fig.  4 — the  force  KY  will  produce  at  the  support,  A,  a  moment 
KJi.  If  EJi  be  plotted  to  scale  as  the  line  AB},  and  Bfi^  be 
drawn,  then  will  the  line  PPj  represent  the  moment  of  the  force 
A"i  at  the  point  P.  If  a  second  force  K2  act,  its  moment  at  A 
will  be  K,l„  and  if  this  be  plotted  as  the  line  BtB2  on  the  same 
scale  as  was  before  used,  and  B.C.,  be  drawn,  then  will  PXP% repre- 
sent the  moment  which  K.  produces  at  P,  and  PP2  =  PPl-\-PiP2 
will  erive  the  moment  due  to  both  the  forces  K,  and  K,  at  this 
point;   and  so  on  for  any  number  of  forces. 

Upon  this  principle,  the  "  curve  of  moments  of  spring 
forces  corresponding  to  the  deflections  of  the  unsupported 
beam  "  was  constructed.  At  any  section,  the  ordinate  to  this 
curve,  measured  horizontally  from  the  axes  AxAl,  gives  the 
moment  of  spring  resistances  for  this  point.  Strictly  speaking, 
the  line  AXAX  should  coincide  with  the  line  AA.     To  avoid  too 
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great  confusion  of  lines,  the  line  AlAl  was  used  as  an  axis, 
whereby  a  known  error  of  100,000  foot-pounds  was  committed. 
With  this  error  allowed  for,  the  horizontal  ordinate  between 
this  curve  and  the  "curve  of  moments  of  the  external  forces  " 
gives  the  residual  moment  to  be  used  in  calculating  the  elastic 
liue,  which  we  designated  as  the  "  first  approximation  to  the 
elastic  line  of  the  supported  beam." 

From  the  deflections  last  determined,  a  new  set  of  spring 
foi-ces  is  obtained,  which  is  shown  as  the  curve  of  "  spring  re- 
actions corresponding  to  deflections  of  the  approximate  elastic 
line."  These  resistances  are  evidently  too  small,  for  the  last  de- 
flections were  too  small.  By  using  these  forces  just  as  the  last 
set  of  spring  forces  were  used,  a  new  set  of  deflections  would  be 
obtained  which  would  be  too  great,  but  not  so  much  too  great 
as  were  the  deflections  of  the  unsupported  beam,  and  between 
which  and  the  last  calculated  line  must  lie  the  correct  position 
of  the  properly  supported  beam.  By  alternately  using  in  suc- 
cession too  small  and  too  great  values  for  the  spring  forces, 
closer  and  closer  approximation  to  a  solution  may  evidently  be 
approached. 

*  A  much  more  direct  method  however  exists:  namely,  if  the 
original  spring  reactions  be  designated  as 


Sl  I   S2  J   S3  >  ' S10 

and  the  second  set  as 

S/W,  V. sio" 

and  to  the  lower  set  one-third  of  the  differences  between  these 
and  the  upper  set  be  added,  a  new  set  of  values  of  the  form — 

\  «io"+  i(sio'— V)| 

I  =  V  ) 

will  be  obtained. 

Now,  if  instead  of  the  values  s",  as  was  last  proposed,  we  use 
these  modified  values  s"  and  considering  them  as  spring  forces, 
calculate  their  opposing   moments  and    after   deducting  these 
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from  tbe  external  force  moments,  use  the  residuals  to  determine 
new  deflections  for  the  beam,  these  deflections  will  give  spring 
resistances  almost  identically  equal  to  the  assumed  set  s'",* 
and  a  practical  adjustment  is  obtained  at  tbe  second  trial.  The 
forces  s'"  form  the  curve  marked  "  curve  of  adjusted  spring 
reaction,"  their  moments  giving  the  "curve  of  spring  moments 
(adjusted)"  and  these  latter  deducted  from  the  "external  force 
moments"  form  the  "curve  of  moments  adjusted  for  spring 
resistances."  With  these,  the  "  elastic  line  adjusted  for  spring 
resistances  "  was  calculated,  which  gives  the  form  which  would 
really  be  assumed  by  our  beam  under  the  influence  of  the  given 
loads  and  spring  reactions.  The  "  curve  of  adjusted  spring  re- 
actions "  gives  at  any  point  the  load  per  square  foot  borne  by 
the  arch  at  that  point.  The  "  curve  of  moments  adjusted  for 
spring  resistances  "  gives  the  moment  acting  upon  the  vertical 
beam  at  any  point,  and  the  ratio  of  the  ordinates  of  this  curve 
to  the  ordinates  of  the  "curve  of  moments  of  the  external 
forces"  give  the  percentages  by  which  the  bending  strains  in 
the  beam  have  been  relieved  by  the  spring  support.  These  per- 
centages will  be  found  in  column  13  of  table  1,  which  table  gives 
all  the  main  elements  of  the  calculation  described. 

'To  show  how  close  this  approximation  is  to  an  exact  solution,  we  give 
our  figures. 

The  spring  resistances  &"'  +  **'").  W  ^  **'"\  ; ;  j^+'io'") 

2   •         '  2  2 

assumed  to  be  the  spring  resistances  reduced  to  the  center  of  each  section, 
were: 

225      236      216       191       160      122      85      50      21      5 

The  corresponding  values  resulting  from  the  elastic  line  calculated  with 
the  above  assumed  resistances  were: 

210.5    222.5    214.5     197.0     163.5     125.0    86.2     50.6    21.5    4.6 

These   differences  would   have  affected   the  moment   at  the  base  of   the 
beam,  where  the  ruling  strain  is  produced,  by  3,430  foot-pounds,  or  about 
3.430 


6S9.500 


.('05,    or  say  one-half  of   one  per  cent. 


The  beam  moments  need  a  slight  increase  and  another  closer  approxima- 
tion might  easily  have  beeu  made,  but  this  seemed  indeed  a  superfluous 
refinement. 
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The  curve  of  moments  of  the  external  forces  (or  the  values  id 
column  9),  together  with  data  in  columns  4  and  5  of  table  1,  af- 
ford convenient  data  for  determining  the  maxima  tensile  and 
compressive  strains  in  any  section  of  the  beam  under  the  as- 
sumption that  no  arch  action  takes  place,  that  is  to  say,  for  a 
purely  gravity  treatment.  By  using  the  "  curve  of  moments  ad- 
justed for  spring  resistances,"  or  column  12  in  place  of  column 
9  (or  its  equivalent  curve),  the  strains  in  the  beam  relieved  by 
spring  resistance  may  be  determined.  These  values  together 
with  the  line  of  strain  in  the  dam  section  under  each  of  these 
conditions  of  loading,  are  shown  upon  the  strain  sheet  (sheet  2). 

Assuming  the  involute  theory  to  be  correct,  and  our  very  lib- 
eral assumption  of  double  stiffness  in  the  horizontal  layers  to  be 
warranted,  then  it  would  appear  that  the  effect  of  arch  resist- 
ance is  to  reduce  the  bending  moments  at  the  bottom  of  the 
dam  by  about  19  %.  At  higher  points  in  the  section  the  relief  is 
greater  (passing  up  to  a  point  of  no  beudiug  strain  at  all  a  little 
below  Section  2,  beyond  which  point  in  the  supported  beam, 
the  moments  change  their  sign  and  become  negative).  The  bot- 
tom moment,  however,  fixes  the  ruling  strain,  and  the  percentage 
of  relief  at  the  bottom  is  consequently  the  determining  element 
in  estimating  the  extent  of  arch  relief.  Whether  it  be  within  the 
capacit}-  of  the  masonry  to  withstand  strains  such  as  our  strain 
sheet  shows  without  rupture,  is  purposely  overlooked  for  the 
present. 

It  may  be  objected  that  our  hypothesis  that  the  arch  would 
assume  the  involute  form  under  compression  was  an  arbitrary 
assumption  ;  also  that  besides  arch  reaction,  independent  resist- 
ances to  deflection  might  present  themselves  through  "  beam 
action"  on  the  part  of  the  curved  layers  of  the  dam;  furthermore, 
that  in  our  calculations  only  the  central  section  of  the  dam  has 
been  considered  and  no  reference  been  made  to  the  action  of 
other  vertical  sections  of  the  dam. 

We  propose  now  to  test  the  "  involute  theory  "  by  considering 
the  curved  layers  as  horizontal  curved  beams  with  immovable 
terminals  ;  to  determine  directly  (independent  of  any  prior  as- 
sumption) the  form  which  they  would  assume  under  loads  acting 
normally  to  their  surfaces,  i.  e.  convergent  to  a  common  central 
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point,  and  to  determine  the  strains  which  would  be  produced  in 
them  for  given  deflections,  or  for  given  loads. 

The  theory  of  the  '«  Curved  Elastic  Beam  "  is  treated  of  in  the 
more  advanced  works  on  Mechanics,  but  the  deductions  are 
probably  not  so  familiar  to  most  practicing  engineers  as  to  war. 
rant  easy  conversancy  with  them. 

A  treatment,  moreover,  for  loads  such  as  we  have  specified 
namely  radial  loach,  is  not  one  which  we  remember  to  have 
ever  seen,  and  from  the  purely  special  nature  of  its  application 
to  our  present  case  believe  that  it  may  never  have  been  made 
before.  We  therefore  insert  a  brief  reference  to  the  theory  of 
the  elastic  beam,  condensed  from  Professor  Bitter's  text  book 
and  extract  the  formulas  which  for  our  purposes  are  fundamen- 
tal ones,  before  proceeding  to  the  special  development  which  we 
require. 

Treatment  of  the  Arch  as  a  Curved   Elastic   Beam  Loaded  with 
Radially  Acting  Loads.     General  Characteristics  and  Funda- 
mental Equations  of  the  Elastic  Line  for  Curved   Beams. 
In  the  theory  of  the  elastic  beam,  it  is  shown  that  when  the 
beam  is  originally  curved,  instead  of  straight,  that  similar  gen- 
eral conditions  exist  as  in  the  case  of  the  straight  beam  ;  that  a 
neutral  axis  exists,  which  when  the  beam  is  deflected   under  a 
load  suffers  no  strain,  and  whose  length  therefore  is  not  chained  ■ 
that  all  fibres,  on  either  side  of  this  neutral  axis,  have  to  adjust 
themselves  to  the  load  by  being  either  lengthened  or  shortened 
thereby  assuming  tensile  or  compressive  strains,  according  to 
their   position  with  reference  to  the   neutral    axis  ;  that    these 
strains  form  a  system  of  parallel  forces,  those  on  the  one  side  of 
the  neutral  axis  acting  in  the  opposite  direction  from  the  forces 
acting  in  the  fibres  on  the  opposite  side  of  the  neutral  axis;  that 
the  combined  action   of  all  the  forces  in  any  one  radial  plane 
is  to  form  a  couple  of  forces,  the  moment  of  which  opposes   and 
is  equal  to  the  moment  of  the  outside  forces,  at  each   section  of 
the  beam.     It  is  also  shown  that  for  a  beam  of  rectangular  sec- 
tion, the  position  of  the  neutral  axis  is  no  longer  in  the  center  of 
the  beam,  but  is  located  nearer  to  the  center  of  curvature  ■  that 
its  eccentricity  depends  upon  the  ratio  of  the  depth  of  the  beam 
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to  its  radius  of  curvature  before  the  beam  is  bent;  that  the  for- 
mula 

-T  =  M 

10  * 

which  applied  to  the  straight  beam,  no  longer  rigidly  applies  to 
curved  beams,  but  has  to  be  modified  to 


31 = G  t  )  n- 


N  being  a  constant  determined  bv  the  value  of  n=  —  (where 

h  equal  the  height,  and  R  the  radius  of   the  beam)  such  that  for 
rectangular  beams 


N  = 


-  J,  n  — log  nat.  (1  +  n)  ■ 
6  '  ) 


£l+i)logMt.(l  +  n)-l 

If  w  equal  the  height  of  the  neutral  fibre  above  the  bottom  of 

w 
the  beam,  then  it  is  shown  that,  when  n  =  10,  n  =  2.888,  and  -,- 

h 

w 
=  0.317;  when  n  =  1,  N  =  1.287  and  -  =  0.443;    when  n  = 

w  m 

0.1  ;  N  =  1.033  and  -  =  0.492;  when  n  =  0,  N  =  1  and    ~ 

h  h 

=  0.5. 

When  the  ratio  n  becomes  nearly  zero — that  is  to  sa}-,  for 
beams  of  large  radii  compared  with  their  depth — the  value  of  N 
becomes  so  nearly  unity,  and  the  neutral  axis  in  that  case  is  so 
little  removed  from  a  central  position  in  the  beam  that  the  for- 
mula -  T  =  M  can  be  used  without  appreciable  error.  In  this 
to 

formula,  s  =  maximum  strain  in  the  fibre  farthest  distant  from 
the  neutral  axis,  w  =  distance  of  this  fibre  from  said  axis,  T 
and  M  being  the  moments  of  inertia  and  the  moment  of  the  ex- 
ternal forces,  acting  at  the  section. 
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In  the  development  of  the  differential  equation  of  the  elastic 
line  for  the  curved  beam,  it  is  first  shown  that  the  relation  exists 

(Eq.  A)  ETdw  =  Mds 

(See  Fig.  5)  where,  dm  is  the  infinitely  small  change  in  direction 


between  the  terminal  planes  of  a  differential  length  of  the  beam, 
4s  (whose  original  curvature  was  d<p)  under  an  external  load 
which,  at  the  section  AB,  produces  a  moment  M,  acting  in  the 
manner  shown. 


By  a  comparison  of  the  two  shaded  triangles,  in  the  adjoining 
Yig.  6 — if  the  same  be  imagined  to  be  so  placed  upon  one  an- 
other that  the  point  N  fall  upon  Ni,  and  horizontal  sides  still  re- 
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tain  their  horizontal  direction — two  expressions  may  be  obtained 
for  the  angle  w  (expressed  in  terms  of  arc,  of  course),  viz  : 

(Eq.B)  P  _.*.-<* 

(Eq.C)  ._        dy 

By  inserting  into  equation  A  (in  any  particular  case)  the  spe- 
cial values  for  M  and  ds,  which  the  curved  shape  of  the  beam 
and  the  law  of  its  loading  furnish,  and  then  integrating  between 
the  limits  0  and  a>  on  one  side  and  0  and  s  upon  the  other,  the 
value  of  u)  is  obtained  from  the  equation 


dx 
dx  —  dx. 


ET  m  =  f s  Mds  =  Ms, 


where  m  represents  the  whole  change  in  direction  between  the 
tangent  to  the  curve  at  N  and  that  at  Nt  after  the  beam  is  bent. 
When  this  is  done,  the  value  thus  obtained  for  to  may  be  suc- 
cessively inserted  in  equations  B  and  C  ;  after  which,  by  per- 
forming a  second  integration,  the  movement  which  the  point  N 
will  undergo,  will  be  given  in  a  horizontal  sense  from  the  one 
calculation,  in  a  vertical  sense  from  the  other.  These  three  de- 
rived equations  give  the  direction  of  the  elastic  line  and  the  co- 
ordinates of  any  desired   point ;  hence  fully  determine  its  form. 

Prof.  Bitter,  in  his  "  Lehrbuch  der  Hoeheren  Mechanik,"* 
applies  the  calculations  which  we  have  indicated,  to  beams  of 
circular  curvature,  and  develops  the  elastic  line  for  the  case  of  a 
vertical  force  working  at  the  end  of  the  beam,  for  a  horizontal 
force  applied  to  the  end  of  the  beam,  and  also  treats  the  case 
where  a  couple  of  forces  is  applied  at  the  end.  He  also  consid- 
ers the  deflections  which  will  be  produced  at  any  point  of  the 
beam  beyond  the  point  of  application  of  the  load,  whether  the 
load  be  vertical,  horizontal,  or  a  couple  ;  after  which  Bitter 
shows  the  change  in  length  of  the  beam  due  to  compressibility 
of  the  material. 

The  results  of  all  these  calculations  are  necessary  to  us  in  our 

"Part  II,  "Lehrbuch  de  Ingenieur  Mechanik,"  by  August  Eitter,  pub- 
lished by  Carl  Kiimpler,  Hanover,  1876. 
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treatment  of  the  arch  as  a  curved  beam,  and  the  consideration  of 
the  elastic  changes  which  are  produced  under  the  influence  of 
continuous  loads  which  all  tend  towards  a  common  center,  or  act 
normally  to  the  arch.  We  therefore  transcribe  a  series  of  equa- 
tions which  we  have  numbered 
both  with  plain  figures,  and  with 
figures  with  asterisks  attached  to 
them,  and  which  it  is  believed 
a  reference  to  the  annexed  figure 
(7)  will  make  sufficiently  clear 
J*r  as  regards  the  cases  to  which  they 
apply.  The  formulae  which  are 
numbered  with  plain  figures  give 
the  changes  of  co-ordinates  pro- 
duced at  any  point  P,  whose 
distance  from  A  is  the  arc  cr, 
whose  new  co-ordinates  are  x1  and  yv  and  whose  original  co- 
ordinates were  x  and  y.  The  corresponding  formulae  with  aster- 
isks, give  the  changes  which  take  place  at  the  end  of  the  beam , 
B,  whose  settlement  and  horizontal  shifting  are  then  respect- 
ively called  a  and  E. 

All  these  formulae  can  be  found  with  lucid  deductions  in 
Ritter;  their  development  at  this  place  is  of  course  impossible, 
on  account  of  limited  space.  They  are  to  us  fundamental 
equations,  and  we  assume  them  as  known. 

Couple  of  forces,  of  moment  M,  applied  to  the  end  of  the  beam. 

1  ETw  =  MRcr 

2  ET(yx  —  y)=  MR'(tfsin$r  -f  cos?  —  1) 

3  ET(#  —  ^)=MR2(sincr  —  pcosc). 
1*      ET«*  =  MR« 

2*       ETt  =  MR2(«sin«  -J-  cosa  —  1) 
3*       ETI  =  MR2(sin«  —  «cos«). 
Vertical  force  at  end  of  beam. 

4  ETw  =  VR-'(c?sin«  +  cos?  —  1 ) 
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\  y>     sin2c 

5  ET(j/j — j/)=VE3  -^  sin«(crsincr-{-cose — l)-[--K-{-        ' — sine 

\  sin2e  / 

6  ET(# — ^1)=VRD  -<  sin«(sine — crcose)-] — ^— — (1 — cose)  y 

4*    ETw  =  VR2(asina  -j-  cosa  —  1 ) 

5*     ETff  =  TO 1  a(h  -\-  sin2a)  -f  §sin2a  —  2sin«  1 


6*     ETI  =  VR: 


i3sin'v/  p         ) 

—  -1-  cos'/  —  1  —  *asm2a  - 
2  j 


Horizontal  force  applied  at  end  of  beam. 

7  ETw  =  HRJ(sincr  —  ecos«) 

8  ET(yj  —  y)  =  HR3  -j  isinV  -j-  cos«(l  —  cose  —  esine)  - 

9  ET(tr  —  xt)  =  HR3  j  \<p  —  £sin2e  -f-  cos«(ecose  —  sine)  \ 

7*     ETw  =  HR-(sin«  _  acosa) 

,  \  3sinL'a 
8*     ET>  =  HR3  -j  — s~  —  Jasm2a  +  cosa  —  1 

9*     ET--  =  HR3  -j  \a{\  -f  2cos'-V.)  —  f  sin2a  | 

Vertical  Force  at  End  of  Beam;  /.  =  Change  of  Length  of  Arc, 

10+      ;  =  YR(1  —  cos«) 
EF 

if  F  represent  the  area  of  cross-section  of  beam.  The  changes 
in  horizontal  and  vertical  direction  caused  b}-  the  shortening  /., 
are  respectively : 

-,*     ..,       .  VR(1  —  cosa)cosa 

11*       |    = /COS«  =  i - 
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m*       ,       •  •  VR(1  —  cos«)sin« 

12*     <r  =  /.sin«  = ^ '- 

EF 

Change  of  Length  of  Arc  /.,  for  a  Horizontal  Force  H,  at  End 
■of  Beam. 

,0*  HRsina 


14*     a 


EF 

HRsinv. 
EF 


■*e%     & HRsin«cos« 

s  EF 

Vertical  Force  Q  at  Point  P;  Change  at  End  of  Beam. 

El    (  j 

OR3  i 
17*     £  =  ^^  -<  |sinV  +  cos«.(l  —  cos^  —  95 sin^) 

No  further  change  takes  place  in  direction  of  final  tangent 
after  passing  the  point  P  (see  equation  4*,  using  <p  in  place  of  a); 
hence 

ETw  =  VR-(^  sine?  -J-  cose*  —  1). 

We  require  for  our  case  also  to  know  the  changes  produced  by 
a  radial  load  Q.  These  alterations  may  be  obtained  from  Rit- 
ter's  formulae  by  successively  substituting  for  Q  its  vertical  and 
horizontal  components,  Qsina  =  H  and  Qcosa  =  V,  or  Qsin^  =  H 
and  Qcos^  =  V,  as  the  case  may  require,  and  then  after  obtain- 
ing the  changes  produced  by  each  component,  combining  the 
results  in  one  formula.  The  formulae  which  we  have  developed 
directly,  have  ail  been  checked  by  this  method,  but  were  all  ob- 
tained originally  by  direct  development.  Space  will  not  per- 
mit of  giving  the  complete  development  of  the  formulae  for 
radial  forces  (although  they  may  be  new).  We  will  treat  one 
case  sufficiently  fully,  however,  to  illustrate  the  method  of  deriva- 
tion and  take  one  of  the  simpler  cases: 


100 


Strains  in   Curved  Dams. 


A  Radial  Force  Acting  at  the  End  of  the  Beam. 

The  force  Q  (Fig.  8)  will  produce  at  any  point  P  a  moment 
M  =  Q  times  the  arm^PPj  =  Rsin(a  —  cr);  hence,  for  this  case, 


M  =  QRsin(' 


0- 


As  we  are  dealing  with  a  circle,  the  differential  of  the  arc  s  is 
ds  =  Rtfcr,  from  which  for  the  infinitely  small  change  dm  pro- 
duced by  the  load  Q  at  the  end  of  the  beam  (see  eq.  A), 

ETdoj  =  Mrf.s  =  QR2sin  (a  —  <s)dc. 

Hence,  to  obtain  the  total  change  in  direction  of  the  line  up 
to  any  point  P,  we  have  to  sum  all  the  differential  changes  doj, 


for  all  the  small  arcs  ds  which  collectively  make  up  the  arc 
AP  =  s;  or,  to  obtain  to  the  total  change,  we  integrate  the 
above  and  have 

ETw  =  CsJsldB= J"jQR2sin(a— <p)d<p 

which  solved,  after  separating  the  integral  into  two  integrals 
by  expanding  the  term  sin(«  —  <s ),  gives 
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ETo>  =  QR2  \  sinasinp  -\-  cosa(cos£>  —  1)  >•  or 

18  ET<«  =  QRS  j  cos(«  —  <p)  —  cosa  I  . 

If  we  wish  to  obtain  the  change  of  tangent  direction  at  the 
end  of  the  beam,  we  have  only  to  integrate  between  the  limits 
<p  =  0  and  <p  =  a,  from  which  we  get 


ET< 


=  QR2  j      =  asin(«  —  <f)dcp  =  QR2  -j  cos(«  —  «)  —  cos«  I 


18*  ET«»  =  QR''(1  —  cosa) 

which  could  of  course  have  been  directly  obtained  from  18  by 
setting  a  in  place  of  <p. 

Having  obtained  the  value  of  to  (eq.  18),  we  set  it  in  eq.  B, 
whence 

dy,  —  du      QR2  \        ,  v  \ 


dx 


^—.-{    COS(a  a>)  cosa  y 


But  from  the  figure,  R  sin  tp  =  x,  whence  dx  =  Rooster;  sub- 
stituting which 

ET(rfi/1 — dy)  =  QR2  -  cos(«  —  y)  —  cos«  Y  Rcosf  d  <p 

=  QR3cos^  -   cos(a  —  <p)  —  COSa  j-  dep 

which  gives  the  relations  of  the  infinitely  small  change  in  ver- 
tical position  produced  upon  the  small  arc  ds  located  at  the 
point  P;  whence,  by  integrating  between  <p  =  0  and  ^  =  p,  we 
obtain  the  vertical  settlement  at  the  end  of  the  whole  arc  s 
whose  central  angle  is  <p;  that  is 

ET(y2  —  y)  =  QR3  j  ^cos^>  •  -  cos(«  —  <p)  —  cosa  I  dw 

which,  after  expanding  cos  (a  —  <p)  and  multiplying  by  cos^> 
separates  into 
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ET(yi-2/)  = 

=  QR1  S  sina  I    ■  sincCOScrcic-j-COSry.  J    "  COS2cr<ic- — COSai    ^COScrr?cr 

from  which,  after  performing   the   integrations   indicated    and 
suitably  reducing,  we  get 

19     ET((/L  —  y)  =  QR3  j  isin«sinV-}-cos«(^sin2cr — sincr  +  icr)  ' 

If  on  the  other  hand  we  insert  the  value  of  w  from  eq.  18  in 
eq.  C,  we  get 


dx  —  dx,       QR2  \ 


COS(«  —  cr)  —  COSa 


dy  ET 

and  observing  that  y  =  R(l  —  cos  c),  whence  dy  =  Rsin  pda, 

~ET(dx  —  dj\)  =  QR2  -j  cos(«  —  c)  —  cos  a  >  Rsin  <pd<p 

which  equation  gives  the  change  in  length  (measured  horizon- 
tally) in  the  small  arc  ds;  whence  by  integration,  we  get  for  the 
change  of  position  of  a  point  P,  whose  distance  from  A  is  the 
arc  <s  =  s 

BT(x  —  xx)  =  QR3  J  Jsin  c  j  cos(«  —  cr)  —  cos  a  i  dtp 

which  integrated  gives 
20       BT(x—x1)  = 

=  QR3  -j  sin  a(ie  —  ^sin  2c-)  -j-  cos  a(^sin2  <p  -J-  cos  c  —  1)  J-  . 

Now,  if  in  equations  19  and  20  we  set  a  in  place  of  cr,  we  get, 
after  suitably  reducing  terms, 

19*       ET>  =  QR3  j  |sin  a  -\-  cos  a{\a  —  sin  a)  I 
20*       ET--  =  QR3 1  \a  sin  a  -f  cos  a  (cos  a  —  1)  i 
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Changes  produced  at  the  end  of  (he  beam  by  a  radial  force  Q, 
working  at  a  point  P  between  the  support  A  and  the  end  of  the  beam. 

21*       ETff  =  QK3  |  sin  a  —  isin  <p  -f  cos  p  (|^  —  sin  a)  I 


22*       ET; 


QR:j  -\  ^  sin  <p  —  cos  a  (1  —  cos  c?)  V 


ELASTIC  ARCH  WITH  RIGID  ABUTMENTS  AND  RADIAL  LOADS. 

Preliminary  Treatment;  Considering  the  Beam  Elastic,  But  Not 
Regarding  Compressibility  of  Material. 

Note. — k'jf  All  the  results  obtained  from  this  treatment  need  modification. 

The  elastic  conditions  which  exist  in  circular  arches  for  ver- 
tical loads  have  been  often  discussed.  As  regards  the  case 
where  the  forces  all  converge  towards  the  center  of  the  arc,  we 
know  of  no  treatment  and  have  therefore  deduced  formulae  to 
meet  the  deficiency. 


If  we  regard  a  single  load  at  the  point  P„  (Fig.  9),  we  know 
certainly  that  the  vertical  forces  at  the  abutments  must  be  equal 
to  the  vertical  component  of  the  load,  on  account  of  the  sym- 
metrical uature  of  loading;  seeing  that  for  any  point  P:  on  one 
side  of  the  arch,  we  may  select  a  corresponding  point  P  on  the 
other  side,  which  will  be  subjected  to  an  equal  load,  and  if  we 
consider  them  conjointly,  it  is  apparent  that  each  abutment 
must  carry  an  equal  share  of  the  double  load,  whence  V=  Q  cos  cr, 
for  any  single  pair  of  loads. 
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Whatever  the  form  of  the  curve  assumed  by  the  arch 
after  it  is  loaded,  the  tangent  at  the  crown  must  re- 
main unchanged  in  direction  on  account  of  the  symmetry 
of  the  load.  Besides  the  forces  Q  and  V,  there  must  also  act 
at  the  abutment  a  horizontal  force  H,  which  for  the  present 
shall  be  left  indeterminate  and  only  be  designated  as  the 
force  H.  Now  in  determining  the  settlement  of  the  point  A,  it  is 
immaterial  whether  we  conceive  the  point  A  to  move  downward 
toward  the  abutments,  or  imagine  the  motion  such  that  the  abut- 
ments move  upward  toward  the  crown.  The  assumed  rigidity 
of  the  abutments,  however,  permits  no  motion  of  the  abutment 
B  horizontally  toward  the  crown  A,  the  span  of  the  arch  being 
regarded  as  unalterable.  Hence  we  can  consider  the  half  arch  AB,, 
for  that  matter  as  built  into  a  solid  wall,  aud  consider  the  other 
half  AB  as  a  flexible  beam  acting  under  the  influence  of  three 
forces  Q,  V  and  H,  each  of  which  will  produce  horizontal  and 
vertical  deflections  at  B,  the  amount  of  which  may  be  obtained 
from  our  fundamental  equations  1  to  22  inclusive. 

As  B  is  prevented  by  the  conditions  of  the  problem  from 
moving  horizontally,  the  combined  influence  of  the  three  forces, 
as  regards  imparting  horizontal  motion  to  the  point  B  must  be 
zero,  whence 

?qT?h — *v  =  0,     or     -„  =  ~Y       ~q. 
Using  equation  6*  and  substituting  Q  cos  cr  for  V,  we  have : 

QR:i  {  3  sin"'  a .  ,  -.        i      •„  o    t 

=  WC°S  *  1  — 2 —  ~^~  C°S  "~l~  -a  s  m  2a  \  ' 

furthermore,  from  eq.  22*, 

OB3  \  ' 

fn  =  -*  —  -<  cos  a  (cos  q>  —  1)  —I—  -J  <r  sin  c  - 

and  from  eq.  9* 

*    =  H!  J  i„(i   i    2  Cos2«)  —  |sin  2«  (•  • 
-h       ET      _   v     r  /      4  j 
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Hence, 


Q**3 J  „rta,„ (3sinJa  .                     «sin2«)  .  ,,      crsinc  / 

=  ET  j        n~~2 l"C0Sa— 1 2 — — cos«(cose— 1)— ^— ^-  , 

which  easily  reduced  to 


^H'      ET 


-j  cose-  I  '  — 1«  sin  la  —  1  j  -j-  cosa — l<pnnv  v 

Satting  this  value  equal  to  the  value  obtained  from  eq.  9*,  we 
obtain 

Q  -j  coscr  f '  S1°  "  —  \o.  sin  2a  —  1  J  +  cos  a  —  \<p  sin  c    - 


H 

\a{\  -j-  2cosza)  —  |sin  2a 

which  last  equation  gives  us  the  value  of  H  in  terms  of  Q. 

Now  if  instead  of  Q  we  write  qR>d<p,  considering  it  the  uniform 
load  q,  acting  upon  an  infinitely  small  arc  ds  =  Rc?c?,  we  can 
write  instead  of  H,  in  the  last  formula  rfH,  considering  it  the 
small  horizontal  reaction  at  the  abutment,  caused  by  the  dif- 
ferential load  (/Etc/ p.  Representing  the  bracket  in  the  numerator 
by  A  and  the  denominator  by  B,  we  have 

c/H  =  ^—d<p  •<  A  cos  <p  -\-  cosa  —  i$?  sin^ 
B       ( 

and  we  obtain  the  horizontal  reaction  at  the  abutment,  in  case 
the  whole  arch  is  loaded  with  the  uniform  load  q,  by  integration 
of  the  above  equation,  wherefore 


-j  A  j  "cos  <p  dcp  +  cos  a\  ad<f  —  \a\<p  sin  <p  d<s  I 


which  integrated  gives 


tt       gB    )  .     •         |   3  a  cos  a       ,   .       j 
H  =  %—  -{  A  sin  a  -4- isin  a  y 

I  2  s 
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Now  if  we  write  for  A  and  B  the  values  which  they  represent, 
suitable  reduction  brings  the  bracket  quantity  in  our  last  for- 
mula to  B  cos  «,  and  we  have 

24  H  =  gR  cos  a 

for  the  horizontal  force  at  the  abutments. 

Upon  the  other  hand  we  have  seen  that  a  single  radial  load  Q 
produces  at  the  abutments  a  vertical  force  V  =  Q  cos  e.  Now, 
if  we  set  Q  =  gB.dc,  and  set  dY  in  place  of  V,  we  obtain  by  in- 
tegration between  the  limits  a>  =  0  and  <s  =  a, 

25  V  =  qB,  sin  a 


V=a%SiH& 


Referring  to  our  figure  (Fig.  9),  the  resultant  N  of  the  forces 
H  and  V  forms  an  angle  <.'■  with  the  horizontal,  and  this  angle  is 
given  by  the  relation 

tang  6  =  — . 
H 

Now,  setting  for  V  and  H  the  values  just  obtained,  we  have 


26 


,        V         oil  sin  a 

tang  <p  =  —  = =  tang  a. 

H        qB  cos  a 
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Whence  4'  =  a,  or  we  see  that  the  resultant  is  a  tangent  to  the 
curve  at  the  abutment.  As  to  the  value  of  N,  it  is  easy  to  show 
that 

27  N  =  qR. 

Having  determined  the  reactions  which  the  abutments  exert 
under  the  uniformly  distributed  radial  load  q,  we  will  next  pro- 
ceed to  determine  what  the  settlement  at  the  crown  A,  will  be. 

The  vertical  displacement  <r,  which  a  radial  load  Q  acting 
at  a  point  P  would  produce  at  the  end  of  the  beam  B,  provided 
no  force  acted  at  the  abutment,  can  be  directly  taken  from 
Eq.  21*,  and  substituting  for  Q,  qRdw,  (that  is  to  say,  consider- 
ing Q  the  uniformly  distributed  load  upon  an  infinitesimally 
small  arc  Rd(f );  corresponding  to  which  modification,  we  set  da 
in  place  of  t.  After  making  these  changes,  the  integration  of 
the  modified  equation  will  give  t,  the  total  settlement  at  the  end 
of  the  beam;  viz. : 

<r  =  I  "~  da  =  £ — ~  \  "■  \  sin« —  isincf-1-cosc'  (  —  —  sin«  1  V  d<p 
J  <p=„  ETj  «  j  "         ~  V2  J  \ 

The  integration  of  this  equeation  gives  the  value  of  a  which 
will  be  produced  by  the  uniform  radially  acting  load,  and  which 
we  will  call  <ra, 

qW  \  3'/sin«   ,  i  •    o     f 

ffQ^ET")  ~^T~  +  C08"  — 1  —  sin2a  \ 

As  regards  the  settlements  av  and  *H  which  the  forces  at  the 
abutments  will  produce,  we  can  obtain  them  directly  from  the 
fundamental  equations,  by  setting  </Ksin«  in  place  of  V  in  Eq. 
5*,  and  substituting  in  place  of  H  its  value  qR  cos  a,  in  Eq.  8*. 

As  regards  the  total  settlement  n,  the  radial  load  and  the 
horizontal  force  H  tend  to  deflect  the  beam  in  the  opposite  di- 
rection from  that  in  which  V  would  bend  it;  hence  the  total 
settlement  is, 

a  =  Oq  -\-  TH  <TV. 

After  inserting  for  <rQ  the  value  above  given,  and  introducing 
the  values  <rv  and  <rH  from  Eqs.   5*  and  8*  (modified  in   the 
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manner  suggested),  an  equation  for  a  is  obtained,  which  prop- 
erly manipulated  reduces  to 


sin  a  —  a  sin  a  ,-  =  0, 


ET   (  \ 

that  is  to  say,  for  equally  distributed  radial  loads  there  should 
be  no  settlement  at  the  crown  of  the  arch. 

A  load  acting  at  a  point  P  whose  distance  from  the  point  of 
support  is  the  arc  s  =  H<p  (see  Fig.  10),  can  produce  no  further 
change  in  the  form  of  the  beam,  beyond  the  point  P,  where  the 
force  acts;  hence  at  the  end  of  the  beam,  the  tangent  will  be 
changed  only  to  the  extent  which  the  direction  of  the  tangent  at 
P  is  changed.  For  a  radial  load  Q  at  P,  the  extent  to  which  the 
tangent  at  the  end  of  the  beam  will  be  altered,  may  be  obtained 
from  18*,  if  remembering  what  has  just  been  said,  we  regard  P 
as  if  it  were  the  end  of  a  beam  AP,  and  appropriately  substitute 
<p  for  o;  then  the  change  of  tangent  at  P  will  be 

ETw  =  QR-(1  —  cos  <p). 

Now,  setting  for  Q,  qHd<p  and  integrating  between  w  =  0  and 
<p  =  a,  we  have 

wn  =  ? —  (  "(1  —  cos  (f)d(f  =  %r—(a  —  sin  a) 

Q       ETV   "  '  ETV  ' 

which  will  give  the  tangent  direction  at  B,  for  a  uniform  load  q 
on  the  ivhole  arc  AB.  By  inserting  in  Eq.  4*  for  V  its  value 
qR  sin  a,  and  setting  <?R  cos  a  in  Eq.  7*  in  place  of  H,we  get  the 
alteration  which  would  be  produced  at  the  end  of  the  beam  by 
the  forces  at  the  abutment.  Calling  these  wv  and  wH,  and  com- 
bining them  with  wQ,  we  get  the  total  shifting  at  the  end  of  the 
beam  produced  by  the  conjoint  action  of  the  uniform  load,  to- 
gether with  that  due  to  the  reactions  which  the  load  occasions 
at  the  abutments:  that  is, 

a>  =  u)q  — I—  toH  —  (Ov. 

If  the  indicated  calculation  be  made,  the  right  hand  side  of 
the  equation  reduce  to  zero,  and  we  have 
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ET   (     C 


Hence  the  combined  action  of  the  load  and  its  reactions  at 
the  abutments,  should  cause  no  change  in  the  direction  of  the 
tangent  at  the  abutment;  from  which  we  infer  that  there  should 
be  no  free  moment  or  couple  of  forces  acting  at  the  abutment. 

We  will  next  inquire  what  the  moment  in  the  curved  beam  at 
a  point  P  (see  Fig.  10)  would  be.  We  will  consider  the  arc 
between  P  and  the  abutment  B  uniformly  loaded  with  the 
weight  q,  per  unit  length  of  arc.  We  need  not  consider  the  load 
on  the  portion  of  the  arch  between  P  and  the  point  of  support, 
because  none  ui  the  loads  which  are  on  that  portion  of  the  beam, 
can  produce  moments  in  the  beam  beyond  their  point  of  ap- 
plication, seing  that  we  regard  the  arch  as  a  beam  free  to  move 
at  its  end,  and  have  already  provided  the  abutment  reactions  which 
a  fixed  beam,  loaded  along  its  ivliole  length,  would  create.  The 
loads  between  P  and  B  are  all  radial  and  equal,  (we  are  consider- 
ing the  case  of  uniform  loads  only);  whence  their  resultant,  Q 
must  pass  through  the  center  of  the  circle,  and  be  normal  to  the 
chord  PB  at  its  middle  point.  The  magnitude  of  Q  it  is  easy  to 
see  must  be 


Q  =  *2Ksin(^r), 


namely  the  projection  of  the  whole  load  qB,(a  —  <f)  upon  the 
chord  PB.     The  moment  of  this  resultant  force  Q  at  P  is 

As  regards  the  influence  of  the  projection  of  the  load 
qR(a  —  <p)  upon  the  versed  sine  of  the  arc  PB,  the  forces  bal- 
ance; hence  can  produce  no  moment  at  P. 

Now  taking  the  point  P  as  a  center  of  moments,  it  is  apparent 
that  should  there  exist  any  surplus  or  free  moment  at  P,  it  must 
necessarily  be  the  difference  between  those  of  the  forces  Q  and  N, 
(which  latter  is  the  resultant  of  the  abutment  forces  V  and  H.) 
Now  N  =  gR,  (Eq.  27)  and  its  arm  is 
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?i  =  R-  1 — cos  (a —  c)     ,  whence 


M  =  gR2  -]  2  sin: 


OvO  * _  qw  I x  ~ cos  (a " f  ^  I 


but  as  the  bracket  quantities  are  equal  (by  plane  trigonometry), 

M=0 

and  as  P  is  any  point  on  the  arc,  the  deduction  is  a  general  one; 
hence,  for  a  uniformly  distributed  load,  there  should  be  no  free 
moment  at  any  point  in  the  beam.  However,  if  in  the  funda- 
mental equation  of  the  elastic  line,  (Eq.  A)  we  contemplate  the 
case  M  =  0  for  all  points,  then  doj  must  be  0  for  all  points; 
whence  the  conclusion  would  be  that  no  change  in  the  co-ordi- 
nates of  any  point  could  take  place — or  in  other  words,  the  form 
of  the  arch  would  undergo  no  change  under  a  uniformly  dis- 
tributed radial  load. 

Now,    if    at  any   point   P  "*  *~  ^ 

(see  Fig.  11)  we  imagine  the 
portion  of  the  arch  between 
the  abutment  and  the  crown 
entirely  removed,  we  have 
shown  that  at  the  point  P 
no  free  moment  should  exist; 
that  is  to  say,  all  the  forces 
acting  at  P  must  act  nor- 
mally to  the  section.  If  for 
the  portion  of  the  arch 
shown  in  Fig.  11  we  set  up  the  equation  of  moments,  choosing 
O  as  a  center,  we  obtain  the  equation 

KR  =  NR  =  gR.R,    or   K  =  qR; 

that  is  to  say,  the  forces  throughout  the  arch  must  act  normally 
to  the  section  and  be  constant  at  all  points  and  equal  to  <?R. 


"*9>n 


We  have  thus  far  considered  the  arch  under  the  assumption 
that  it  was  flexible,  but  have  not  taken  into  account  the  changes 
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in  the  length  of  the  arch,  which  the  forces  would  produce  by 
reason  of  the  compressibility  of  the  material.  All  the  deduc- 
tions which  have  been  made  are,  therefore,  subject  to  modifica- 
tion. However,  before  attempting  to  modify  the  preceding 
deductions  by  investigating  what  the  influence  of  compressibility 
of  the  material  will  be,  let  us  summarize  the  results  which  we 
have  arrived  at  from  the  preliminary  investigation.  Were  the 
preceding  conclusions  correct,  we  might  formulate  a  law,  about 
as  follows: 

"In  a  flexible  arched  beam,  which  is  acted  upon  by  a 
uniformly  distributed  load  which  at  all  points  is  normal  to 
the  beam,  no  change  in  form  is  produced;  the  forces  which  are 
induced  by  the  load  are  constant  at  all  points,  and  act  at  right 
angles  to  the  section,  being  equal  to  the  product  of  R,  the  radius 
of  the  circle,  times  q,  the  load  per  unit  length  of  arc.  Hence, 
under  the  assumption  that  no  axial  compression  takes  place 
along  the  arch  (as  would  be  true  for  an  arch  constructed  of  a 
material  whose  modules  of  elasticitij  E  werecc),  the  circular  arc 
may  be  considered  as  a  figure  in  perfect  equilibrium  under- 
loads uniformally  distributed  over  the  arc  and  acting  radially  to 
the  same." 

For  such  an  arcb,  no  motion  would  be  required  for  it  to  sup- 
port loads  of  the  character  specified;  from  which  we  infer,  that 
the  stiffer  the  material  against  compressive  strains,  the  more 
nearly  the  above  law  would  hold  good. 

The  reason  for  our  not  having  considered  the  compressibility 
of  the  material  up  to  the  present  point,  is  threefold. 

First  of  all,  the  law  which  we  have  formulated  corresponds 
entirely  with  the  ordinary  formula  for  "  hoop  compression"  or 
arch  pressure  for  radial  loads— the  formula,  namely,  which  was 
used  in  determining  the  requisite  section  for  the  "  Quaker  Bridge 
Dam,"  comparing  the  curved  and  straight  types. 

Second — Had  we  regarded  axial  compression  from  the  start, 
our  investigations  would  have  been  much  complicated. 

Third — That  we  are  now  able  to  treat  the  effect  of  compress- 
ibility as  a  separate  factor  in  the  investigation,  with  a  freedom 
which  will  hereafter  become  manifest. 
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Modifications  Arising    out   of   the   Compressibility   of   the    Arch 

Material. 

For  the  case  of  a  vertical  or  horizontal  force  acting  at  the  end 
of  a  beam,  the  formula?  for  the  compression  are  developed  in 
Ritter  and  will  be  found  in  our  general  equations  10  to  16. 
For  a  radially  directed  load,  we  will  develop  the  formula?. 
It  might  at  first  sight  appear  that  the  force  Q,  being  normal  to 
the  arc  at  B  (see  Fig.  12),  would  exert  no  influence  upon  the 
length  of  the  line.  The  force  Q  is  normal  to  the  curve  at  B, 
but  in  order  to  be  borne  by  the  beam,  it  must  be  transmitted  to 
the  point  of  support  A,  which  can  be  done  only  by  its  success- 
ively passing  through,  and  influencing  each  element  of  the  arc 
between  B  and  A.  Hence,  while  the  force  Q  is  normal  to  the 
arc  at  B,  it  may  be  said  to  be  normal  to  it  at  no  other  point. 
Now  let  us  consider  a  differential  of  the  arc  ds,  at  P.  The 
force  Q  at  this  point  can  be  resolved  into  two  parts,  the  one 
Q  sin  ( <s  —  v').  tangential  to  the  curve;  the  other  Qcos(c  —  <.'•), 
normal  to  the  same. 


The  radial  component  can 
produce  no  change  in  the 
length  of  this  particular  ele- 
ment ds,  and  can  be  disre- 
garded; the  other  component, 
Q  sin  (cr  —  (.'■) — the  tangential 
one — will  produce  a  shorten- 
ing of  the  elementary  arc  ds 
which  we  will  call  d/..  The 
value  of  d/.  will  be  given  by 
the  ratio, 


Fee?  /£, 


^ Q  sin  {?  —  </>)  ^_  -n, Q  sin  (<s  —  4') d). 

ds~  F  EF  "IW 

if  F  represent  the  cross-section  of  the  beam;  from  which 

dX  =  QR8in  (9  —  4')  dd> 
EF 
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This  equation  gives  the  compression  which  the  force  Q  will 
produce  upon  the  element  ds  =  Rdc'';  whence,  to  obtain  the 
shortening  of  the  whole  arc  BA,  we  have  to  integrate  the  equa- 
tion between  c"  =  0  and  ip  =  <p1  obsesving  that  in  this  integra- 
tion c  is  a  constant  quantity,  not  a  variable  one;  hence, 


28 


x=  r^=SR 


EF 


P. 


sin(cr  —  <}>)d<l> 


QR 


Eb 


-  (1  —  COS  (f), 


and  if  we  wish,  for  the  sake  of  uniformity  with  our  other  for- 
mulae, to  specially  designate  the  central  angle  for  the  whole 
beam  by  «,  then  we  have  only  to  write  a  instead  of  c.  Doing 
this,  equation  28  becomes 


28* 


X  =  -~_  (1  —  cos  a) 
ETV 


Furthermore  (see  Fig.  13),  the  equations 


r<:#/3 


29*  a  =  /.  sin  a  =  ^—  sin  a  (I  —  cos  a). 

EF 


and 
30* 


/.  cos  a  =  _ —  cos  a  ( 1  —  cos  a). 
EF 


give  the  movements  in  vertical  and  horizontal  direction,  pro- 
duced by  the  radial  load  Q  at  the  end  of  the  beam,  and  resulting 
from  the  compression  of  the  material. 

The   preceding   formula   28   gives  the  change  in  length  for 
a  solitary  load   Q   at  the   end   of   the  beam.      If   we  wish   to 
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determine  the  compression  which  the  end  of  the  beam  will  un- 
dergo, in  case  the  whole  beam  is  uniformly  loaded  with  radial 
forces,  we  must  substitute  q~Rd<s  for  Q  in  Eq.  28  and  set  <//.  in 
place  of  /,  and  then  integrate  the  equation  between  the  limits 
<s  =  0  and  c  =  a;  doing  which  we  obtain 


^J  "(1  —  cos  tp)d<p  =  -gp  (a  —  sin  a). 


31  L=QKCan-nn«,^-(SL 

Q      EF- 


Besides  the  uniform  load,  however,  we  have  the  abutment 
forces  V  and  H,  both  of  which  tend  to  shorten  the  arch  by 
amounts  which  we  will  call  /v  and  /.H,  and  which  can  be  obtaiued 
by  settiug  in  equation  10*  and  13*  the  values  qRsina  and 
qR  cos  a  in  place  of  V  and  H.  These  equations  then  become, 
after  being  slightly  simplified  in  form, 

oR2  S    ■            sin  '2a  ( 
/,-  =  -s—  -  sm  a  — - 

EF  (  2      j 

qW    sin  2a 

/„=  i —    

EF       2 

Having  now  determined  the  influence  which  the  forces  pro- 
duce separately,  we  may  obtain  the  total  compression  arising 
from  their  joint  action,  by  summing  the  separate  effects;  that  is 
to  say.  by  setting  in  the  equation 

the  values  which  we  have  found.    The  result  is  an  equation  which 
easily  reduces  to, 

32                               a-^!«-«B    Ra 
61  *— EFa F      E 

from  which 

Ra  F 


In  this  formula  Ra  is  the  whole  arc,  and  %     the  force  acting 

F 

in  the  arch  per  unit  area;  hence  the  compression  is  equal  to  that 
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which  a  straight  beam  of  the  same  length   as  the  arch   would 

qR 
undergo,  under  the  load  jr  per  unit  of  area.     Furthermore,  as 

the  force  throughout  the  arch  is  constant,  it  follows  that  the 
compression  is  equally  distributed  along  the  arch. 

We  have  arrived  mathematically  at  just  what  would  have  been 
predicted,  a  priori;  nevertheless,  the  conclusion  must  be  qual- 
ified with  the  reservation,  that  this  value  for  /.  is  only  correct,  so 
long  as  the  horizontal  force  H  remains  unchanged  and  continues 
to  be  9R  cos  a,  which  condition  is  generally  not  fulfilled. 

In  any  arch  with  immovable  abutments,  the  span  is  fixed,  and 
the  vertical  reaction  V  must  remain  unchanged,  no  matter  what 
change  in  form  the  arch  undergoes.  It  is  different  with  the 
horizontal  force  H;  this  may  and  will  alter  in  magnitude,  with 
the  changes  which  the  arch  undergoes  under  compression.  Now 
if  the  actual  horizontal  force,  instead  of  H^qRcos'/,  assume  some 
other  value  h,  we  can  still  write  /t  =  H— (H  —  h)  and  represent  the 
difference  (H  —  h)  by  another  letter  H1(  that  is  to  say,  instead 
of  considering  H  reduced  or  increased  to  h,  as  the  case  may  be,  Ave 
may  consider  H  still  acting  in  undiminished  force  and  another 
modifying  force,  H:  associated  with  it,  but  nevertheless  an  in- 
dependent factor  in  the  case.  The  reason  of  this  introduction 
of  an  auxiliary  force  will  become  apparent.  Still  continuing  to 
regard  the  crown  A  as  being  fixed  and  B  the  movable,  instead 
of  the  fixed  point,  we  may  imagine  the  forces  which  act  on  the 
arch  as  grouping  themselves  in  the  manner,  and  coming  into 
action  in  the  order  following:  we  may  consider  the  radial  load  and 
the  forces  V  and  H  as  acting  in  unison  and  forming  a  separate 
set,  under  whose  conjoint  action  the  compression  /.  really  takes 
place  according  to  Eq.  32,  the  abutment  B  thereby  assuming 
the  position  Bj  (see  Fig.  14).  During  this  movement,  B  will 
have  traveled  in  a  horizontal  sense  through  the  small  distance 

EF 

the  value  of  X  being  that  given  in  Equation  32  (compare  Fig.  13). 
This  will  be  the  sole  effect  produced  by  this  set  of  forces,  and 
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having  allowed  for  which,  they  need  not  be  farther  regarded, 
except  to  remember  that  they  produce  a  uniform  compression 
7E  at  all  sections  of  the  arch. 

"We  may  next  consider  the  force  Hi  coming  into  action  upon  the 
beam,  in  such  a  manner  that  it  tends  to  neutralize  the  movement 
f?  and  re-establish  the  span  of  the  arch  to  its  original  value, 
hereby  moving  the  end  of  the  beam  outward  a  distance 

'  |«(1  -f  2  cos2«)  —  §  sin  2a 


ET    (  "   v      '  '      *  \ 

which  value  we  obtain  from  Eq.  9*.  At  the  same  time  be  it 
remembered,  the  the  force  Ht  will  produce  a  lengthening  in- 
fluence upon  the  arc,  which  must  not  be  lost  sight  of,  and  which, 
expressed  in  terms  of  Hi  (whatever  the  value  of  Hi  be),  will  be  a 
quantity 

■=,,, HjR  sin  a  cos  a 

EF 

which  we  get  directly  from  Eq.  15*. 

Now,  if  we  considered  the  force  H(  alone  to  completely  over- 
come the  movement  ;'  and  re-establish  the  span  to  its  original 
width,  one  of  the  conditions  of  our  problem  would  be  fulfilled, 
but  not  another,  namely  that  the  direction  of  the  tangent  to  the 
curve  at  the  abutment  shall  remain  unchanged;  for  no  matter 
what  form  the  arch  may  assume  in  taking  up  its  load,  the 
tangent  at  the  abutment  must  retain  its  direction,  as  long  as  the 
arch  remains  attached  to  the  abutment  and  does  not  crack  away 
from  the  same,  which  latter  is  inadmissible, — for  we  are  only 
trying  to  build  up  a  formula  which  shall  apply  within  the  elastic 
limits,  letalone  those  of  ultimate  strength.  Now,  the  first  change 
produced  upon  the  tangent  to  the  curve  was  when  the  arch  was 
assumed  to  be  shortened  up  from  B  to  B'.  During  this  motion 
the  tangent  shifted  to  the  extent  of  the  small  angle  Jw  (see  Fig. 
14),  such  that 

EJw  =  /.     or     Jw  =  — 

XV 

The  effect  which   the   modifying  horizontal   force  H:  would 
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exert  on  the  tangent  to  the  curve,  may  be  obtained  from  Eq.  7*, 
viz., 

FT  Tfc" 

w,,   =      1    -  (sin  a  —  a  COS  a) 

H'        ET 
and  this  also  would  tend  to  increase  the  change   of   direction, 
not  to  overcome  it.     Now,  the  only  way  that  the  tangent  can  be 
re-established  to  its  old  direction,  is  with  the  help  of  a  moment 
M,  actiug  as  shown  in  Fig.  14. f 


S-^cfr-h) 


However,  this  moment  M  will  also  exert  an  influence  %'" 
upon  the  width  of  the  span,  besides  altering  the  direction  of 
tangency  by  an  amount  wM, — an  expression  for  which  two  values 
may  be  obtained  from  Eqs.  3*  and  1*,  viz: 

M        ET 


£"-; 


MR2 
ET 


(sin  a  —  a  COS  a) 


tThe  moment  M  is  simply  the  couple  of  forces  produced  in  the  fibres  of 
the  beam  at  their  immediate  surface  of  contact  with  the  abutment;  the  in- 
ternal resistances  (ou  one  side  of  the  axis  of  the  arch  compressive,  on  the 
other  side  tensile)  by  which  the  arch  material  resists  being  wrenched  from 
its  contact  with  the  abutment. 
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Under  the  influence  of  Hi  and  M,  Bi  will  pass  to  a  new  po- 
sition B._,,  which  must  be  in  the  same  vertical  as  the  point  B,  be- 
fore any  motion  took  place.  This  condition  of  an  unchangeable 
width  of  sjDan  can  only  be  fulfilled  if 

f  +  t""  =$"  +  £" 
or,  inserting  the  values  of  these  quantities,  if 

/  x               qR''«             .   MR-  ,  .  x 

(a)  _£ cos  a  +  sin  a  —  a.  cos  a)  == 

W  EF  ET    V  ' 


=  ^W  +  2cos2«) 


„    •    „    /    ,  HJUin2a 

4  sin  La 


J    '         2EF 
But  the  equation 

"JM  ==  IUH     ~f"    -^M 

must  be  fulfilled,  since  the  tangent  at  the  abutment  must  not  be 
altered  in  direction,  or 

/M  MR*.      Hrfc,  .  x   ,    X 

( b)  =  -J —  (sin  a  —  a  cos  a)  -4-  — . 

1  '  ET  ET    v  '    R 

Eqations  (a)  and  (6)  contain  only  two  unknown  quantities,  M 
and  Hi;  hence  we  can  determine  both  the  corrective  force  Hi  and 
the  moment  M  at  the  abutment. 

From  (b)  we  obtain, 


M=  - 

RR,  . 

— L_  (sin  a  — 
a 

-  a.  COS  a)  -\- 

;.et 

Wa 

but  from 

i  equation  32 

we  have, 
/.   E_ 

_  Q 
F' 

wrhence  : 

more  simply 

33 

M  = 

HiR  /  • 

— —  (sin  a  - 
a 

—  '/  COS  a)  -j- 

T 

qw 

If  this  value  of  M  be  inserted  in  Equation  (a),  an  equation  for 
Hi  is  obtained  which  can  be  reduced  to  the  form 
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34     H,  =  — _*-  -J 

R"F    \  («  -j-  sin  a  j/ 2)  («  —  sin  a  -j/ 2)       cos  a  / 

-TfT   -<  „ : 1 5-     -  -f-  COSa 

1       ^  2  a  sin  a  '       2     i 

Equations  33  and  34  may  be  said  to  solve  the  problem  of  the  elastic 
arch  for  uniformly  distributed  loads;  Hj  and  M  alone  produce 
deflections  in  the  arch  and  determine  the  shape  of  the  elastic 
line,  subject  however  to  modification  for  the  effect  of  the  uni- 
formly distributed  shortening  of  the  arc,  which  is  produced 
under  the  combined  action  of  the  load  and  the  abutment  reac- 
tions V  =  qR  sin  a  and  H  =  qR  cos  a. 


1  Formula  34,  for  «=0  and  R  =  oo,  becomes  Hj  =  <?E;  namely  the  first 
term  in  the  denominator,  though  apparently  of  the  indeterminate  form  ;»20 
is  really  0,  and  cos"-  becoming  1  for  a.  =  0,  the  whole  denominator  becomes  1. 
For  the  same  value  of  «,  the  horizontal  arch  resistance  H  =  qR.  cos  «,  also 
becomes  q~R;  that  is  identically  equeal  to  Hlt  the  modifying  force.  Hence 
the  real  value  of  the  horizontal  force  at  the  abutment,  or 

H  —  Hj  =  9R  —  qR.  =  0. 

Formula  33  for  this  case  gives  M  =  0;    the   first  term  being  zero,  as  the 
bracket  quantity  at  the  limit  becomes  strictly  (1  —  1)  and  the  second  term 

zero,  since  in  this  term  °  still  stands  for 
F 

/.E  ;.E 


«R2  _  %  length  x  K 

which  is  zero,  both  because  R  =  oo  and  '•  =0,  (the  compressive  force  being 
zero).  Of  the  forces  at  the  abutment,  only  V^^Rsin^  remains,  and  as 
R  sin  a  (for  «  =0,  and  R  =  00)  is  ytl  =  %  the  whole  span,  V  =  y2ql,  which 
is  the  correct  value  for  any  straight  beam .  Arch  action  ceases  entirely,  and  our 
formula  leads  up  naturally  to,  and  makes  way  for  the  ordinary  ones  apply- 
ing to  straight  beams,  for  which  the  deflections  corresponding  to  any  given 
load,  or  the  load  required  to  produce  any  given  deflection  may  be  found. 

Had  we  attempted  to  apply  the  ordinary  ' '  hoop  pressure  "  formula  directly, 
without  reference  to  equations  33  and  34,  the  resulting  arch  thrust  at  the  abut- 
ment would  have  been  H  =:  qR  cos  "■  =  qR  cos  0  =  qR  —  q  <*>  =  00,  a  very  dif- 
ferent value  from  H  =  0.  From  this  we  see  that  the  ordinary  arch  pressure 
formula  may  lead  to  misleading  results,  luhen  applied  without  correction  for 
the  elastic  nature  of  the  material. 

This  remark  is  perhaps  not  without  its  significance  as  applied  to  the  con- 
clusions to  which  the  formula  led,  relative  to  a  dam  of  curved  form,  for  the 
"  Quaker  Bridge  Dam." 
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The  influence  which  the  modifying  elements  Hx  and  M  pro- 
duce upon  the  internal  strains  in  the  arch,  is  easily  determined 
by  considering  the  moments  which  they  will  cause  at  any  section. 
Hj  will  cause  a  moment  which  will  be  proportionate  to  its  arm; 
in  other  words,  to  the  offset  of  the  middle  point  of  any  section 
from  the  chord  BN  (Figs.  14  and  15). 


The  moment  M  will  be  unchanged  for  all  sections  of  the  arch, 
and  as  these  two  moments  are  opposed  to  one  another,  it  is  easy 
to  see  that  their  combined  influence  will  be  represented  graph- 
ically by  the  ordinate  to  the  central  line  of  the  arch,  measured 
from  the  line  BxNl3  if  BB!  be  made  equal  to  M  and  1}  be  the 
unit  used  in  plotting. 

The  greatest  absolute  value  will  be  at  the  abutment  B,  where  Hx 
will  produce  no  moment.  The  strains  throughout  the  arch  will  no 
longer  be  equal  at  all  points  of  any  section,  but  will  be  generally 
greater  along  the  inner  line,  and  less  at  the  outer  line  of  the 

arch  than  the  value  9 The  resultant  will  at  no   section   be 

strictly  normal  to  the  vousoir  line,  nor  will  the  line  of  strain 
conform  to  the  central  line  of  the  arch,  as  would  be  the  case 
were  the  above  value  correct.  The  amount  by  which  the  strains 
will  be  modified,  of  course  depends  upon  the  load  and  the  di- 
mensions of  the  arch.  By  inserting  H1  and  M,  in  equations  1, 
2,  3,  7,  8,  9  and  1*,  2*,  3*,  7*,  8*  and  9*  and  regarding  also  the 
values  to  be  obtained  from  equations  32,  13*,  14*  and  15*,  the 
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change  of  form  which  the  arch  will  undergo  at  any  point  may 
be  determined; — or  equations  33  and  34  may  be  used  in  combina- 
tion with  these,  to  determine  for  any  arch  the  load  q,  which 
would  be  required  to  produce  a  given  crown  deflection  (say  one 
inch).  This  calculation  has  been  fully  carried  out  for  the  top 
section  of  the  Bear  Valley  Dam,  (for  R  =  337  ft.;  «r=21°15'; 
t  =  3.72  ft.  and  E  =  1|  million  pounds  per  square  inch).  The 
values  for  (yl  —  y),  (x  —  xx),  v,  |  and  m  are  as  follows,  for 
ten  values  of  ,5  corresponding  to  ten  equally  distant  points  on 
the  arch  betwen  the  crown  and  the  abutment,  (the  units  being 
inches  and  seconds  of  arc  and  the  calculation  made  for  a 
crown  deflection  of  one  inch). 


■s 

0°  00' 

2°07'30" 

4°15' 

6'22'30" 

8-30' 

10°  37'30" 

12°  45' 

U°52'30" 

17 =00' 

19°07'30" 

21°  15' 

y\—y 

1.0000 

.9980 

.9212 

.8276 

.7048 

.5618 

4103 

.2669 

.1336 

.0400 

(7=0 

X — x1 

0 

0191 

.0355 

.0465 

.0522 

.0462 

.0349 

.0154 

.0026 

0 

£  =  0 

U) 

0 

54" 

104" 

148" 

183" 

204" 

208" 

193" 

156" 

92" 

0 

Note.— In  this  table  the  values  iu  lines  2  and  3  are  modified  so  as  to  represent 
the  real  conditions;  that  is,  a  fixed  abutment  and  a  movable  crown. 

These  results  are  graphically  exhibited  on  sheet  3.  The 
method  of  representation  is  the  following.  The  circular  arc 
which  corresponds  to  the  central  line  of  the  arch  before  deflec- 
tion, is  supposed  to  be  unrolled  upon  the  tangent  to  the  curve 
at  the  crown,  shown  upon  the  diagram  as  the  line  ABj,  thereby 
the  relative  position  of  all  points  referred  to  the  tangent  to  the 
curve  at  any  point,  is  preserved  unaltered.  If  then  only  special 
points  of  the  resulting  figure  are  of  interest,  it  is  evidently  ad- 
missible to  shorten  up  distances  between  these  points  to  any 
desired  extent.*  Thus  on  the  sheet  (3),  the  lines  1 11S  2  2P  3  3i; 
etc.,  represent  the  correct  values  of  (y1  —  y),  and  ^1lu,  21211,  3j3u, 


*Thus  in  the  diagram,  ABX  represents  the  whole  length  of  the  center  line 
of  the  half  arch  (say  125  feet),  but  with  its  ten  equidistant  points  contracted 
so  as  to  be  three-quarters  of  an  inch  apart.  The  local  settlements  and 
horizontal  movements  however  are  plotted  to  a  scale  of  7%  inches  to  1  inch 
of  actual  change  of  position.  The  result  is  a  much  distorted,  but  correct 
exhibit  of  the  local  changes  of  position  at  the  ten  oelected  points. 
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etc. ,  represent  the  proper  horizontal  changes  (x  —  xj;  the  points 
1  ,  2U,  3U,  all  being  shown  in  their  correct  relative  positions  to  the 
points  1,  2,  3,  etc.,  which  the}7  occupied  before  the  arch  was 
subjected  to  a  load.  If  a  curve  be  passed  through  the  points  1,, 
2j,  3j,  etc.,  and  also  a  curve  be  drawn  through  lu,  2n,  3U, 
etc.,  then  these  curves  may  be  used  to  determine  the  values 
of  (y1  —  y)  and  (x —  a^)  for  an}"  intermediate  point  between  any 
of  the  points  plotted  from  calculation.  Thus,  if  we  desire  to 
determine  the  changes  for  a  point  half-way  between  3  and  4,  we 
locate  the  point  3h  on  the  line  ABlt  midway  between  3  and  4; 
then  draw  a  line  3^3^,  such  that  the  angle  'B13%3k1  shall  be 


y5,  =' 


<J4 


A  right  angle  to  this  line  from  the  point  3\Y,  cuts  the  second 
curve  at  3 hu;  then  are  3^3^,  and  3^  3|u  the  required  vertical 
and  horizontal  displacements  of  the  point  which  before  the  de- 
flection was  located  at  3h,  and  after  deflection  assumed  the  posi- 
tion 3|u. 

As  the  values  of  to  are  very  small  angles,  the  direction  of  the 
deflected  curve  at  any  point,  appears  in  this  diagram  as  being 
parallel  to  the  line  ABt,  to  being  too  small  to  influence 
the  curve  at  all  perceptibility  for  the  elementary  arcs  shown 
by  the  lines  marked  "direction  of  curve."  We  therefore 
show  the  values  of  to  b}-  another  method,  namely  in  the  form  of 
a  curve,  the  ordinates  of  which,  measured  from  an  assumed  line 
A'B',  give  the  values  of  to  in  seconds  of  arc.  As  all  the  elements 
of  change  are  small  quantities,  we  have  magnified  the  crown  de- 
flection seven  and  one-half  times  (so  that  the  line  AO  is  shown  on 
the  sheet  as  7^  inches  instead  of  1  inch),  whereby  all  the  linear 
movements  are  correspondingly  enlarged.  For  comparison  with 
the  involute  curve,  which  in  our  earlier  calculations  was  arbitrarily 
assumed  as  being  the  curve  which  the  deflected  beam  would  as- 
sume, we  have  plotted  the  radial  offsets  of  this  curve  which  are 
given  on  page  82,  employing  a  corresponingly  enlarged  scale.  As 
these  offsets  (LK  values)  are  radial  to  the  original  curve,  they 
appear  in  our  diagram  as  normal  to  the  line  ABt  (the  line  of 
tangents).  If  we  refer  to  our  Fig.  2  (page  81),  we  see  that  as  the 
line  LL  is  normal  to  the  involute  curve,  and  OL  normal  to  the 
circle,  the  angle  OLI  gives  the  angle  between  the  tangents  to 
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the  two  curves,  or  the  change  in  direction  between  them  at  the 
point  L,  which  change  is  entirely  analogous  to  the  value  m 
used  in  connection  with  the  curved  beam.  The  value  of  OLI  is 
given  by  the  formula 

tane  OLI  =  CH  l"tapg  V  tang  (|V)  —  tang  v  tang  (hv)~\  cos  v 
6  AO 

in  which  formula 

BB, 


CH  =  r  = 


2  tang  V  —  2V 

from  which,  for  the  points  treated  in  our  calculation,  the  values 
of  OLI  expressed  in  seconds  of  arc  (the  term  cos  v,  however, 
being  neglected)  are  as  shown  in  the  full  line  curve,  on  sheet  3. 
A  comparison  of  the  ordinates  of  this  curve  with  the  correspond- 
ing curve  for  the  beam  calculation — shown  on  the  diagram  as  a 
broken  line,  and  plotted  with  the  values  of  w  from  the  preceding 
table— shows  the  difference  in  angular  values  between  the  beam 
curve  and  that  of  the  involute  at  any  and  all  points. 

What  has  been  said  concerning  the  direction  of  small  arcs  of 
the  beam  curve,  also  applies  to  small  arcs  of  the  involute.  The 
points  Kn  K2,  K3,  etc.,  of  the  involute  are  shown  on  sheet  3  in 
their  correct  position  relatively  to  points  lu,  2n,  3n,  but  they  do 
not  correspond  to  these,  the  one  set  being  radial  offsets,  and  the 
other  set,  deflections  parallel  and  normal  to  the  tangent  to  the 
arch  at  the  crown.  The  true  distance  between  the  curves  is  that 
shown  on  the  diagram,  between  the  horizontal  lines  drawn 
through  the  correspondingly  indexed  points  1„  and  Klt  2n  and 
K2,  etc. — of  course  bearing  the  enlargement  of  the  scale  in  mind. 

In  order  to  show  more  apparently  how  nearly  the  deflected 
beam  corresponding  to  the  top  layer  of  the  Bear  Valley  Dam 
agrees  with  the  involute,  we  have  repeated  the  curves  lu,  2n,  .  . 

10n  and  Klt  K2 K10  on  the  same  sheet, — 

showing  them  as  the  two  curves  A"  Bt — but  in  this  case  plotted 
to  natural  scale,  the  line  AA"  being  one  inch  by  measurement. 
An  inspection  of  the  diagrams  establishes  the  fact,  that  though 
the  assumption  that  the  arched  layers  of  the  dam  become 
involute  curves  after  deflection  is  not  a  correct  one,  still  the 
involute  in  its  general   form   and    characteristics    very   closely 
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corresponds  to  the  shape  of  the  beam — at  any  rate  the  corres- 
pondence is  a  very  close  one,  so  far  as  the  top  layer  of  the  darn 
is  concerned. 

For  the  different  sections  of  the  dam  below  the  top  layer,  the 
calculation  of  the  uniform  load  q,  required  in  each  case  to  produce 
a  crown  deflection  of  one  inch,  was  made.  This  calculation  was 
considerably  simplified,  by  assuming  that  from  the  top  down  as 
far  as  the  5th  section  (inclusive),  the  span  remained  the  same; 
that  for  sections  6  and  7,  the  length  of  the  arch  was  seven- 
tenths,  and  for  sections  8,  9  and  10  only  one-half  as  long  as  on 
the  top  of  the  dam.  By  testing  this  assumption  with  the  actual 
plans  of  the  dam,  it  will  be  found  to  agree  pretty  closely  with 
the  facts,  and  that  generally  where  an  error  was  made,  it  as- 
sumes shorter  lengths  than  actually  exist  at  the  corresponding 
heights  of  the  dam.  After  obtaining  these  values  of  q,  a  com- 
parison was  made  with  the  involute  spring  forces — the  latter 
being  reduced,  however,  to  one  half  the  values  given  in  Table  1, 
column  10,  assuming  a  modulus  of  1,500,000  lbs.,  to  correspond 
with  the  modulus  used  for  the  beam.  The  following  table  gives 
the  results. 


Section. 

Assumed   value 
of  a  (the    half 
central  angle). 

q  =  the    uniform 
load   in    lbs.    per 
sq.  ft.  required  to 
deflect  the   beam 
1  inch  at  crown. 

Value  of  q  to  pro- 
duce  6auie  crown 
deflection,      using 
involute    formula 
iwithE  =  1,500,000 
lbs.  per  sq.  inchi. 

Ratio,  beam 

loadq  divided 

by  involute 

load  q. 

0 

->1     15'  00" 

320.59 

294  8 

1.09 

1 

21-  15'  00" 

363.95 

332.8 

1  09 

2 

21:  If/  00" 

406.49 

370.9 

1.C9 

3 

21-  15'  00" 

452.43 

4C8.9 

1.10 

4 

21    15'  00" 

496.87 

44G.2 

1.11 

5 

•2V  15'  00" 

543.41 

4*4.2 

1.12 

6 

14-  52'  30" 

701.97 

522.2 

1.31 

7 

14    52'  30" 

779.52 

5C0.3 

1.39 

8 

Vf  37'  30" 

1607.98 

597.5 

2.70 

9 

10'  37'  30" 

1845.88 

635.6 

2.90 

10 

10 ;   37'  30" 

2037.09 

673.6 

3.03 
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An  inspection  of  this  table  shows  at  once  an  interesting  fact; 
namely,  that  while  in  every  case  the  beam  requires  greater  loads 
to  deflect  it  one  inch,  than  would  be  required  were  the  involute 
theory  a  correct  one,— still  for  each  value  of  the  half  central 
angle  a,  the  ratio  remains  practically  constant,  changing  but 
slightly  for  such  slow  change  in  thickness  of  Avail  as  occurs  in 
the  Bear  Valley  Dam. 

The  involute  theory  assumed  the  resistance  to  be  dependent 
upon  the  radius,  but  independent  of  the  angle  included  by  the 
span.  Our  formula  leads  to  the  much  more  rational  conclusion, 
that  between  beams  of  the  same  radius  and  thickness  but  of 
different  lengths,  shorter  beams  are  much  stiffer  under  the  same 
load  than  longer  beams  are.  The  failure  to  express  this  fact  is 
one  of  the  weaknesses  of  the  involute  formula;  a  second,  though 
less   important  one  is,   that  it  recognizes   the   influence   of  the 

thickness  only   iu  the   first   power,   instead    of   as   — -     or  — 

I'M  12  ' 

thereby  omitting  a  factor  — '»   the   influence  of   which  mainly 

causes  the  slight  change  in  the  ratios  already  noticed. 

The  deficiency  in  the  involute  formula  is  a  very  obvious  one, 
which,  however,  naturally  follows  any  attempt  to  explain  arch  re- 
sistance to  deflection  as  the  result  of  internal  arch  coumression 
solely.  Without  intending  to  draw  distinctions  closely  between 
arch  resistance  ("  hoop  compression  ")  and  beam  resistance,  or 
to  separate  the  total  resistance  of  the  beam  into  its  elements 
it  may  be  observed  from  an  inspection  of  sheet  3,  that  of  the 
two  cuves,  the  beam  curve  is  a  shorter  curve  than  the  involute, 
as  all  of  its  points  lie  nearer  to  the  center;  whence  the 
real  shortening  of  the  arch  under  the  action  of  its  load,  must 
be  rather  more  than  that  resulting  from  the  involute  as- 
sumption, the  invokite  formula  apparently  not  allowing  fully 
for  the  compression  or  "  arch  resistance;"  hence  beam  resist- 
ance separately  considered  should  be  something  less  than 
the  difference  between  1  and  the  ratio  shown  in  our  table. 
Nevertheless,  it  is  apparent  that  for  beams  of  small  central 
angle,— as  in  the  case  of  the  lower  sections  of  the  dam, — the  re- 
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sistance  is  preponderate^  of  a  beam  and  not  of  an  arch  nature. 
In  as  much  as  this  is  true,  the  conclusion  which  we  have  generally 
assented  to,  regarding  the  secondary  nature,  and  subordinacy 
of  arch  resistance  to  the  deflections  produced  in  the  vertical 
fibres  of  the  dam,  needs  some  modification.  As  far  as  beam 
strains  (as  contra-distinguished  from  arch  resistances)  enter  into 
the  calculation,  these  are  not  dependent  on  the  vertical  flexures, 
but  like  them  act  "  ab  initio." 

From  this  it  seems  probable  that  for  dams  of  relatively  small 
span  as  compared  to  their  curvature  (especially  if  of  considerable 
height  also)  the  arch  layers  may  really  transfer  a  considerable 
portion  of  their  load  to  the  abutments.  This  has  been  frequentlj- 
asserted;  however,  more  as  an  expression  of  "engineering  in- 
stinct,5'we  believe,  than  as  a  fact  supported  by  calculation.  This 
is  only  one  of  the  numerous  anomalous  conclusions  to  which 
the  investigation  of  this  subject  constantly  leads,  and  which 
probably  have  done  much  to  foster  lack  of  unanimity  of 
opinion.  It  appears  characteristic  of  the  subject  that  what 
is  true  in  one  case  does  not  hold  true  in  all  cases.  Gen- 
eral conclusions  are  difficult  to  arrive  at,  the  subject  being  one 
which  warrants  special  study  for  each  set  of  conditions. 

The  new  values  of  q  correspond  entirely  to  the  former 
"  spring  forces"  which  were  used  to  determiue  the  distribution 
of  load  between  the  vertical  beam  and  the  horizontal  arch.  The 
former  calculation  might,  be  repeated,  and  the  new  values  used  in 
place  of  the  former  ones,  but  it  is  deemed  needless  to  do  so.  The 
deflections  which  would  be  obtained  for  the  vertical  member, 
would  be  but  slightly  less  than  those  which  the  involute  values 
would  give  (supposing  the  same  modulus  be  used  for  the  hori- 
zontal layers  that  is  used  for  the  vertical  beam),  the  deflections 
being  changed  only  to  the  extent  to  which  the  ratios  in  the  last 
column  of  our  table  would  alter  the  resisting  moments.  These 
moments,  for  the  upper  half  of  the  dam.  would  be  increased, 
about  ten  per  cent;  near  the  bottom  they  would  be  increased 
(say)  three  times.  However,  the  lower  springs  affect  the  total 
moments  but  very  slightly,  and  whether  they  be  thrice  increased 
or  not,  can  affect  the  result  but  little,  any  effect  produced  by 
them  having  been  much  more  than  allowed   for  by  the  use  of 
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springs  of  doable  value  in  our  previous  calculation;  the  assump- 
tion of  a  double  stiffness  in  the  horizontal  layers,  being  one 
which  will  hardly  be  seriously  regarded  as  waranted  by  the  facts, 
and  which  was  made  solely  for  the  purpose  of  showing  more 
clearly,  how  little  additional  support  appears  to  be  furnished  by 
the  arched  form  of  the  dam,  provided  the  calculation  be  based 
upon  the  assumptions  heretofore  made. 

The  calculations  originally  contemplated  by  the  writers  and 
which  it  was  proposed  to  carry  out,  were  much  more  extensive 
than  the  ones  embodied  in  this  paper;  the  opinion  at  the  time 
being  that  a  solution  might  be  effected  on  the  following  line  of 
thought.  The  actual  dam  is  composed  of  a  succession  of  vertical 
elements  or  beams  of  varying  hight,  and  of  arched  layers  of  dif- 
fering length  and  included  central  angle.  As  regards  the  former, 
it  is  a  very  simple  matter,  having  once  determined  the  deflections 
for  the  unsupported  elastic  beam  of  greatest  height,  to  deter- 
mine from  it  the  form  of  any  similar  beam  of  lesser  height,  or 
more  correctly  expressed,  the  form  of  a  portion  of  the  same  beam, 
if  shortened  by  the  removal  of  a  portion  at  its  base.  The  gener- 
al form  of  any  curved  layer  would  of  course  be  determined  less 
materially  by  the  load  at  any  particular  point,  than  by  the  com- 
bined action  of  the  load  on  the  arch  at  all  its  points;  its  form  in 
any  case  being  a  regular  curve,  more  or  less  resembling  that  of 
the  beam  for  a  uniform  law  of  loading.  Now,  any  two  curves, 
which  generally  closely  agree  with  one  another,  but  which  leave 
a  common  tangent  at  the  same  point,  will  diverge  from  one 
another  very  nearly  in  direct  proportion  to  the  lengths  of  the 
arcs  measured  from  the  point  of  divergence.  The  vertical 
beams  would  follow  some  other  law  which  would  be,  (apart 
from  the  checking  influence  of  the  curved  layers),  determined 
solely  by  the  form  of  the  cross-section  of  the  canon,  and 
upon  meeting  with  resistance  from  the  arch  springs  would 
assume  modified  elastic  forms;  the  adjusted  mutual  resistance 
exerted  by  the  one  system  upon  the  other  at  any  point, 
being  the  result  of  the  sum  of  all  the  mutual  interchanges  of 
support  exerted  at  all  points,  throughout  the  whole  com- 
bined system.  The  curved  layers  would  receive  varying  stress 
at  different  points  of  their  arcs,  or  the  law  of  their  loading  would 
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become  unequal  instead  of  uniform.  They  would  assume  new 
forms,  probably  determinable  bv  calculation,  the  idea  being 
that  a  method  of  "  cut  and  trial  "  must  eventually  lead  to  a  set 
of  deflections  which  would  be  harmonious  among  themselves  at 
all  corresponding  points  of  the  two  systems;  the  resistance 
requisite  to  produce  harmony  of  deflection  being  a  gauge  of  the 
stresses  at  all  points  of  the  dam. 

This  calculation  would  be  purely  analogous  to  the  calculation 
which  was  made  for  the  involute  and  the  vertical  beam,  but  of 
course  much  more  extended  and  proportionately  more  compli- 
cated. The  formulae  which  would  appl}'  to  such  a  case  of  ir- 
regular radial  loads  were  actually  deduced,  when  it  became 
apparent  that  the  first  effect  of  unequal  loading  would  be,  that 
the  rate  of  shortening  of  the  arc  would  no  longer  be  uniform 
throughout  the  length  of  any  curved  layer,  but  would  be  locally 
proportional  to  the  load  at  the  differeut  portions  of  its  length. 

Now,  for  the  Bear  Valley  Dam,  the  height  of  the  dam  proper 
(namely  the  portion  above  the  base  or  pedestal)  remains  constant 
for  fully  half  the  length  of  the  span,  and  as  the  offsets  from  the 
original  curve  to  the  deflected  curve  must  decrease  as  we  ap- 
proach tc  the  abutments,  it  follows  that — at  least  between  the 
crown  and  the  "  quarter  points  " — the  rate  of  loading  must  in- 
crease, beyond  which  points  it  would  follow  some  other  law  up 
to  the  abutments,  where  the  arch  must  bear  the  whole  water 
lo;id;  for  here,  although  motion  in  the  vertical  fibers  is  conceiv- 
able, motion  of  the  horizontal  layers  is  not  consistent  with  rigid 
fixture  to  the  canon  sides.  This  idea  of  an  irregular  law  of 
loading  is  graphically  shown  in  Fig.  15  (left  hand  side). 

The  outcome  of  these  conditions  must  necessarily  be  that  for 
any  given  total  shortening,  the  rale  of  compression  must  con- 
centrate itself  towards  the  quarter  points  and  be  less  at  the 
central  section  of  the  dam  than  for  uniform  loads.  Hence,  un- 
der the  conception  of  resistances  proportionate  to  the  compres- 
sion produced  in  the  arch,  there  would  be  less  resistance  to  deflec- 
tion rt^the  central  sections  than  our  previous  calculations  showed. 

Now,  what  are  the  facts  in  the  case '?  The  quantity  of  masonry 
in  the  dam  and  so-called  foundations  is  very  nearly  2,900  cubic 
yards,  and  we  are  told  that  1,700  bbls.  of  cement  (say  0.58  bbls. 
per  cubic  yard)  were  used  in  the  dam. 
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Making-  all  allowance  for  probable  differences  in  the  character 
of  the  work,  and  taking  the  Sweet  Water  Dam  experience  of 
very  nearly  1  bbl.  of  cement  to  the  yard  of  masonry  (with  a  rul- 
ing proportion  of  1  cement  to  3  sand),  we  infer  that  probably  in 
the  Bear  Valley  Dam  the  mortar  did  not  vary  much  in  richness 
from  that  ratio.  Now,  taking  the  excellent  data  relative  to 
cement  tests  contained  in  Mr.  E.  C.  Clarke's  paper,  read  before 
the  American  Society,  April,  1885  (see  also  Boston  Main  Drain- 
age Report,  Appendix  A),  we  find  a  value  of  217  lbs.  per  square 
inch,  as  the  tensile  strength  of  mortar  of  this  degree  of  richness 
twelve  mouths  old,  taken  from  a  table  which  was  compiled  from 
about  25,000  breakings  of  briquettes. 

Now,  it  will  be  generally  granted  that  mortar,  under  the  con- 
ditions in  which  it  is  used  in  actual  work,  will  show  a  materially 
smaller  tensile  strength  than  that  given  by  test  briquettes,  if  for 
no  other  reason,  that  the  pressure  under  which  mortar  sets 
materially  affects  its  strength  after  it  has  hardened,  partial  air 
drying — as  distinguished  from  setting — and  unevenness  of  mix- 
ture being  other  features  more  or  less  unavoidable  in  actual 
work.  Now,  taking  Mr.  Clarke's  average  value  as  a  probable 
outside  value  for  the  tensile  strength  of  the  mortar,  and  compar- 
ing it  with  the  theoretical  tensile  strain  at  the  bottom  of  the 
dam  (327.1  lbs.  per  square  inch) — this  value  having  already  been 
reduced  for  the  probable  influence  of  arch  action,  on  what  we 
believe  a  very  liberal  basis — the  latter  figure  is  1.65  times  what 
we  are  warranted  in  assuming  as  the  ultimate  strength  of  the 
mortar.  From  this  we  believe  that  it  is  a  justifiable  inference, 
that  were  the  strains  really  taken  up  in  the  manner  which  is 
pretty  generally  supposed, — and  in  the  way  treated  of  in  the 
preceding  investigations — rupture  of  the  masonry  would  be  an 
unavoidable  result. 

A  beam  in  the  condition  of  that  shown  on  sheet  2,  with  the 
line  of  strain  such  is  there  shown,  must  inevitably  be  totally 
ruptured  at  the  base  and  overturned.  However  in  the  case  of 
its  being  a  portion  of  a  curved  dam,  total  destruction  does  not 
by  any  means  follow  as  a  foregone  conclusion.  On  the  water 
side,  joints  might  open  where  the  tensile  strain  was  excessive;  as 
a  result  of  which,  more  load  would  be  thrown  upon  the  arch,  and 
provided  the  arch  layers  were  capable  by  themselves  of  bearing 
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the  additional  load,  nothing  more  serious  than  a  slightly  opened 
crack  would  ensue.  As  regards  the  capacity  of  the  arch  layers 
in  the  Bear  Valley  Dam  to  really  sustain  the  water  pressure 
acting  on  the  dam,  and  to  transfer  it  entirely  to  the  abutments  if 
called  upon  to  do  so  (provided  the  layers  were  brought  into  a 
condition  to  assume  the  strains),  we  give  in  the  following  table 
the  pressure  in  tons  of  2,240  lbs.  per  square  foot,  which  the  "  arch 
pressure  "  formula  would  give  as  a  duty  for  the  masonry  in  the 
different  layers,  together  with  the  ratios  which  these  strains  bear 
to  the  commonly  permitted  strain  of  14  tons.  The  table  gives  the 
water  load  at  each  section,  and  the  uniform  load  q  required  to 
produce  a  crown  deflection  of  1",  estimated  on  a  basis  of 
E  =  1,500,000  lbs.  per  square  inch;  from  which  we  give  in  the 
following  columns,  for  each  curved  layer  of  the  dam,  the  requi- 
site deflection  of  the  beam,  in  order  for  it  to  support  the  load 
resting  upon  it — provided  the  layer  be  equal  to  the  task — 
using  the  same  value  for  the  modulus  E.  The  last  column 
gives  the  required  crown  deflection  taking  E  =  4,500,000  lbs., 
which  we  believe  to  be  at  any  rate  of  sufficiently  high  value  for 
masonry  such  as  is  before  us. 


1 

2 

Section 

Depth 
in 

feet. 

1 

4.3 

2 

8.6 

3 

12.9 

4 

17.2 

5 

21  5 

6 

25.8 

7 

30.1 

8 

34.1 

9 

38.7 

10 

43.0 

Arch  pres-       Ratio  of 
sure:  tons     arch   pres- 
per  sq.    ft.,  sure  to  per- 
by    formula     missible 
„r        pressure  of 
=  i—  14  tons. 


Water  pres- 
sure in 
lbs.  per  sq. 
ft.  of  dam 
face. 


9.56 
17.15 
23.34 
28.52 
32.85 
36.54 
39.75 
42.59 
45.04 
47.23 


0.68 
1.22 
1.67 
2.03 
2.34 
2.61 
2.84 
3.04 
3.22 
3.37 


269 
538 
806 
1075 
1344 
1612 
188L 
2150 
2419 
2688 


6  7 

Crown  de- 
Spring       flection   re- 
(beam)         quired  by 
resistance    beam, in  or- 
for  a  crown    der  t0  ,ls. 
deflection    smue  eiven 
of  1.  inch.  ]oatl 


For  E=^  1,600.000  lbs. 
per  sq.  inch. 


364 

406 

452 

497 

343 

701 

780 

1608 

1846 

2037 


0.74 
1.33 
1.79 
2.16 
2.48 
2.30 
2.41 
1.34 
1.32 
1.32 


Crown  de- 
flection, 
using   a 
modulus 

of    4,500  - 
000   lbs. 


0.25 
0.44 
0.60 
0.72 
0.83 
0.77 
0.80 
0.45 
0.44 
0.44 
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As  far  as  the  values  in  this  table  go  (see  column  3),  the 
requisite  pressures  would  appear  well  within  the  probable  capac- 
ity of  the  masonry  to  withstand  them,  even  though  they  are 
several  times  greater  than  what  is  usually  sanctioned  by  con- 
servative practice.  However,  the  absolute  crushing  loads  for 
stone  are  very  high,  and  provided  the  dam  were  free  to  take 
such  deflections  as  our  last  columns  show,  it  might  appear  as 
though  the  dam  might  really  be  carrying  its  load  as  an  arch, 
even  though  heavily  taxed  in  so  doing.  If,  however,  instead  of 
using  the  ordinary  formula,  we  draw  to  our  aid  formulas  33  and 
34,  no  very  elaborate  calculation  is  required  to  show  quite  dif- 
ferent results.  We  have  selected  sections  5,  7  and  10,  and 
assuming  them  to  act  as  curved  beams  one  foot  high,  deflected 
to  the  extent  given  in  the  table  (using  column  7  or  column  8, 
and  whether  column  7  or  8  be  used  is  immaterial),  we  give  the 
values  of  the  modifying  elements  M  and  H„  due  to  elasticity, 
together  with  the  strains  which  would  result  at  the  abutments 
and  the  crown,  on  both  faces  of  the  wall.     They  are  as  follows: 


7. 

o 

a 

0 

- 

a 

a 

a 

< 

c 

1=9 
o 

o 

o 

o 

01 

"* 

W 

o 

- 

a 

c 

5 

429100 

27165 

7 

13270C0 

174660 

10 

2399000 

614900 

ABUTMENTS. 


CROWN. 


-.      ExtradosLine 


Intrados  Line. 


Extrados 
Line. 


Eecentric- 

_        ,  ity  of    line 

Pounds  per       of  straiu 

sq   inch         from  mid- 
tensile  strain.   dleof  sec. 

tion;  feet. 


—  2.55 

+  654.8 

+  1145.0 


1.01 
2.88 

8.10 


Pressure  Pressure 

(tons  per  sq.  foot),  (tons  per 

sq.   loot). 


After  joint 
opens  on 
water  side. 


J  Indefinite  ;  fail- 1 
\     ure  certain.     J 


44.06 
C3.40 

44.54 


IntradosLine. 


Tensile  strain 

(pounds  persq. 

inch). 


—241.6-15.53 
tons  per  sq. 
ft. 


It  will  be  seen  that  instead  of  having  to  deal  with  purely  com- 
pressive strains,  serious  tensile  strains  would  be  caused,  not 
only  at  the  abutments  but  at  the  crown  also,  and  that  the  com- 
pressive strains  are  much  greater  than  those  first  calculated. 
The  three  sections  which  we  have  considered,  will   in  general 
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fairly  represent  the  conditions  for  the  other  seven  sections 
(which  all  agree  in  length  of  span  with  one  or  the  other  of  the 
three  sections  given).  As  the  line  of  pressure  for  sections  8,  9  and 
10  would  be  outside  the  wall  at  the  abutment,  these  would  fail 
directly  under  the  tensile  strain  on  the  water  side,  at  the  abut- 
ment, (see  table);  sections  6  and  7  would  pro- 
bably by  themselves  not  be  able  to  sustain 
their  load,  and  would  certainly  fail  after  fail- 
ure of  the  sections  below  them;  section  5, 
and  the  sections  above  it,  while  probably  able 
to  support  the  load  property  coming  to  them, 
would  still  not  be  able  to  withstand  that 
brought  upon  them  after  failure  of  the  sec- 
tions beneath  them.  These  figures  lead  to 
the  conclusion,  that  even  were  the  first  effect 
of  primary  failure  of  the  dam  (by  reason  of 
the  opening  of  horizontal  cracks  near  the 
base),  to.  go  to  the  full  extent  of  allowing 
the  base  to  free  itself  from  its  foundations, 
/////////;////////  anci  to  slide  into  the  form  required  for  it 
to  act  as  a  horizontal  arch,  that  it  would  still  not  be  able  to  sus- 
tain the  water  pressure  acting  upon  it,  and  that  total  destruc- 
tion would  result. 

One  other  possibility  presents  itself.  Supposing  the  tensile 
strain  at  the  base  of  the  wall  for  a  certain  distance  above  its 
base,  to  be  greater  than  the  mortar  could  withstand,  and  that 
cracks  were  to  open  in  the  joints  to  a  depth  indicated  by  the 
shaded  portion  of  Fig.  1G,  without  the  masonry  pulling  itself 
completely  from  its  foundatians  at  the  toe;  that  by  reason  of 
the  opening  of  these  joints,  greater  strains  were  thrown  upon 
the  arch,  without  the  supporting  action  of  the  vertical  fibers 
being  destroyed,  further  than  were  necessary  to  afford  relief  to 
the  tensile  strain  where  too  great:  the  case  before  us  then 
would  be  that  of  an  elastic  beam,  hinged  at  its  base,  and 
supported  by  springs  similar  to  the  case  in  the  original  calcula- 
tions It  would  be  quite  possible  to  determine  the  form  which 
the  beam  would  assume,  and  the  relative  proportion  of  arch 
relief  for  this  case,  even  were  we  in  the   prosecution   of   the   in- 
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quiry  to  be  brought  to  the  necessity  of  assuming  for  a  certain 
part  of  the  wall,  that  other  joints  were  to  open  on  the  down 
stream  side,  as  indicated  in  the  sketch,  which  is  of  course 
much  exaggerated  in  Fig.  1G. 

It  is  very  questionable  whether  an  adjustment  could  be  ar- 
rived at,  which  would  bring  the  strains  within  the  limits  which 
we  could  reasonably  expect  the  masonry  to  withstand;  certain  it 
is,  however,  that  we  should  be  led  to  very  considerable  deflec- 
tions, and  to  assumptions  of  the  existence  of  cracks  and  incipient 
failures  which  uothing  in  the  present  condition  of  the  Bear 
Valley  Dam  would  warrant  us  in  believing  fulfilled.  Like  the 
other  attempted  explanations,  we  should  be  led  to  reject  it  as 
inconsistent  and  incorrect. 


The  calculations  which  have  been  so  far  made,  pretty  well 
cover  the  treatment  of  this  remarkable  dam,  both  from  the 
:£  gravity  "  and  the  "  hoop  compression  "  standpoints,  as  well  as 
the  reasonable  combinations  which  can  be  imagined  as  taking 
place  between  the  two  modes  of  operation;  yet  the  results  are 
purely  negative  ones.  The  conception  has  been  all  along  that 
the  clam  was  composed  of  two  sets  of  elements,  each  of  which 
presented  a  certain  capacity  for  resistance;  the  aim  of  the  calcu- 
lation being  to  establish  the  proper  relation  existing  between 
the  two,  and  to  determine  the  extent  to  which  the  one  system 
might  aid  the  other.  As  far  as  we  know,  this  is  the  only  stand- 
point from  which  the  subject  has  yet  been  considered.  We  be- 
lieve, however,  that  there  is  quite  a  different  manner  in  which 
the  strains  may  be  taken  up  by  the  dam,  and  which  will  be 
worth  the  labor  of  inquiring  into,  even  though  the  result  be  only 
an  explanation  by  analogy  and  not  a  strict  mathematical  deter- 
mination. The  outcome  may  or  may  not  lead  to  results  which 
may  be  made  the  basis  of  calculation  in  future  practice,  but 
which  will  still  not  be  devoid  of  interest,  provided  the  conclu- 
sions are  capable  of  verification  by  measurement  of  the  actual  de- 
flections produced  in  the  dam.  Should  these  measurements 
correspond  with  the  predicted  values  to  within  reasonable 
limits,  then  an  inference  may  probably  be  made  as  to  the  extent 
to  which  the  remarkable  performance  of  the  Bear  Valley  Dam 
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may  warrant  the  expectation  of  a  corresponding  duty,  in  struc- 
tures built  under  different  conditions.  Without  soirie  such 
measure,  the  record  of  the  Bear  Valley  Dam  will  remain  that  of 
an  isolated  case,  contributing  but  little  to  a  knowledge  of  a 
subject  of  evident  practical  value. 

As  the  treatment  is  one  which  differs  from  any  method  yet 
followed,  and  a  proper  spirit  of  conservatism  might  object  to 
novel  methods,  unless  upon  sufficient  proof  that  customary 
treatment  fails  to  reconcile  fact  with  theory,  we  have  not  been 
deterred  from  adhering  to  the  extended  form  in  which  our  pre- 
ceding calculations  have  been  given,  even  though  the  result 
fell  confessedly  short  of  a  solution  of  the  problem.  Another  ex- 
cuse for  considerable  detail  lay  in  the  fact,  that  we  believed  our- 
selves on  unexplored  ground,  and  feared  to  sacrifice  clearness  by 
too  much  curtailment. 

"We  propose  now  to  cast  aside  the  idea  of  separate  elements 
and  to  treat  the  curved  structure  as  a  whole  body,  independent 
of  the  separate  movements  of  its  parts. 

Before  doing  this,  howover,  we  append  in  the  briefest  manner 
the  results  of  some  calculations  made  with  reference  to  the  Sweet 
"Water  Dam,  which  show  in  a  general  way,  to  what  conclusions  an 
inquiry  similar  to  the  preceding  one  would  lead,  if  applied  to  a 
structure  more  nearly  in  accord  with  approved  practice  as  here- 
tofore accepted.  Our  figures  are  to  some  extent  approximate, 
but  not  far  from  exact. 

FIGURES  FOE  SWEET  WATER  DAM. 

Maximum  moment  (at  80  foot  depth) 4,42S.S00  foot-pounds 

MomeDt  taken  up  by  arch  resistance  at  same  depth 

(involute  formla) 542,700       "       " 

Moment,  relieved  by  arch  resistance 3,886, 100       " 

Percentage  of  arch  relief  12%%. 

[For  E=  2,000,000  lbs.,  a  top  deflection  of  0.0952  inch  (unsupported)  and 
0.0767  inch  (corrected  for  arch  resistance).] 

UNSUPPORTED    SECTION. 

Uncompensated  bending  strain   1 14.75  lbs.  per  sq.  inch 

Distributed  weight  and  vertical  water  pressure 56.62  "      " 

Maximum  tensile  strain 5S.13  "      " 

Toe  pressure 171.37  lbs.  per  in.  (11.02  tons  per  sq.  ft.) 

Eccentricity  of  line  of  pressure 13.54  feet 

Distance  outside  £  of  wall 6.86    " 
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WITH   ARCH    RELIEF. 

Uncompensated  bending  strain,  central  section — re- 
lieved by  arch  resistance 107. 1  lbs.  per  scp  inch 

Greatest  tensile  strain 44.1   "       "         " 

Greatest  toe  pressure 141.8  lbs.  per  inch  (9.31  tons  per  square  foot) 

Eccentricity  of  line  of  pressure 11.80  feet 

Distance  outside  inner  \  of  wall 5.20    " 

Note.— By  the  treatment  hereafter  following,  there  would  be  no  tensile  strains  in 
the  Sweet  Water  Dam. 


SECOND  METHOD  OF  TREATMENT. 

Consideration  of  the  Strains  in  an  Elastic  Cylindrical  Body,  Rigidly 
Fixed  at  Its  Base. 

In  treating  of  the  strains  in  curved  dams  in  the  method  now 
contemplated,  it  is  expedient  not  to  deal  directly  with  the  dam 
as  it  actually  exists — namely  a  body  of  varying  height,  supported 
at  its  ends  by  the  abutting  canon  sides,  but  to  first  consider  the 
cise  of  a  dam  of  uniform  height,  and  to  disregard  entirely  the 
effect  of  resistances  furnished  by  its  side  walls.  Such  a  dam 
would  evidently  be  a  partial  hollow  cylinder,  and  may  be  re- 
garded as  a  beam,  loaded  with  a  water  load  and  rigidly  fixed  at 
its  base.  We  propose  to  determine  the  form  of  the  elastic  line 
and  to  establish  the  strains  which  wrould  arise;  having  done 
which,  we  will  consider  what  modifications  would  result  by  chang- 
ing the  shape  of  its  base  to  conform  to  the  actual  condition  of 
an  irregular  bed,  and  also  to  see  what  the  influence  of  side  wall 
reactions  would  be.  The  radially  acting  forces  which  constitute 
its  load  may  evidently  be  resolved  into  two  components;  one  set 
normal  to  the  chord,  and  the  other  parallel  to  the  same,  and 
these,  for  brevity,  we  will  henceforth  style  respectively  as  axial 
and  lateral  forces.  If  R  represent  the  radius  to  the  water  face 
at  any  layer,  and  a  denote  the  half  central  angle  subtended  by 
the  chord,  then  the  axial  force  will  be  the  projection  of  the  load 
upon  the  chord,  and  will  be  2qRsin«;  the  lateral  force,  similarly, 
will  be  the  projection  of  the  load  upon  the  versed  sine   of  the 
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arc,  or  qR(l  —  cos  ».),  q  being  as  heretofore  the  load  per  square 
foot  upon  the  dam  face,  and  of  course  a  quantity  varying  with 
the  depth  of  water  for  each  curved  layer  of  the  beam. 

The  lateral  forces  counterbalance  one  another,  and  except  as 
regards  producing  internal  strains  in  the  beam,  (which  will  be 
considered  hereafter),  do  not  affect  the  general  conditions  of 
equilibrium,  nor  the  shape  of  the  elastic  line,  and  may  be  disre- 
garded. 


rig/r. 


For  the  present,  considering  the  axial  forces  onhy,  the  dam 
may  be  regarded  in  the  condition  shown  in  Fig.  17.  The  posi- 
tion of  the  neutral  axis  is  determined  by  the  center  of  gravity  of 
each  curved  layer,  and  the  elastic  line  is  again  determinable  by 
the  formula 

1  _  M 

ET 

where  all  the  quantities  have  the  former  signification;  M,  how- 
ever, now  representing  the  moment  of  all  the  forces  which  act 
upon  the   whole   width   of  span,  instead  of  for  a  width  of  one 

foot,  hence  equal  yylv  multiplied  by  the  span  (h  being  the  depth 

below  the  water  surface),  and  T  now  standing  for  the  moment 
of  inertia  of  the  whole  curved  layer,  for  an  axis  passing  through 
the  center  of  gravity,  and  parallel  to  the  chord. 

Let  Fig.  18  represent  any  curved  layer  (or  ring  sector). 
Then  if  R  and  r  represent  the  inner  and  outer  radii  respectively, 
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the  area  of  the  ring  sector  will  be  (R- — /-')'/,  and  the  distance 
0C  =  #=  distance  of  the  center  of  gravity  from  the  center  of 
the  circle,  will  be 

„_2(R3  — rs)aina 


3(RJ  —  /-> 
and  the  moment  of  inertia  for  the  axis  YY, 

4(R:)  —  r3)3  sin'v/ 


T  =  KR*  —  r*)  (isin  2a  -f  a)  — 


9(R-  —  r>. 


For  a  modulus  E  =  144  X  1,500,000  =  216,000,000  pounds  per 
square  foot,  the  deflections  of  the  elastic  line  are  as  shown  in 


,--  v-  -y 


table  2,  column  7.     The  bending  strains  given  in  columns  10 

and  11,  are  obtained  from  the  ordinary  formula  -1_T  =  M,  by  in- 
to 

Betting  for  w  the  proper  values  for  CN  and  CD  (Fig.  18).  Col. 
12  gives  the  effect  of  the  ecpually  distributed  influence  of  the 
weight  of  masonry  and  vertical  water  pressure  on  the  face  of 
the  dam,  after  applying  which  to  columns  10  and  11,  the  actual 
maxima  strains  at  D  and  B  are  obtain,  as  given  in  columns  13, 
14  and  15. 
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„   Moment  of  spring  resistances 
~     corresponding  to  Col.  17 


Re.-istance  corresponding  to 
deflections  in  Col.  7.    Lbs. 


per  sq.  foot. 
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It  may  appear  that  these  values  for  the  magnitude  of  the 
strains  are  valueless,  on  account  of  the  resistances  of  the  abut- 
ments or  side  walls  which  must  always  exist  in  practice;  that 
they  would  not  permit  the  fibres  in  our  vertical  beam  to  con- 
form to  the  elastic  line  which  we  have  calculated  for  the  beam, 
and  that  they  will  therefore  not  be  able  to  take  up  the  load  in 
the  way  we  assume  it  to  be  taken  up.  This  would  be  wholly 
true  if  the  arch  were  a  rigid  body,  and  it  is  true  to  a  certain  ex- 
tent for  an  arch  of  compressible  material;  but  in  as  much  as  it 
is  true,  the  only  effect  of  the  abutment  resistances  will  clearly 
be  to  reduce  the  calculated  strains  by  a  certain  amount,  thereby 
assisting  the  vertical  fibres  and  relieving  them  of  a  portion  of 
their  strains.  Under  the  influence  of  the  water  load,  distortions 
will  be  produced  in  the  curved  layers  of  the  beam,  and  this  dis- 
tortion will  extend  to  the  point  (and  only  to  the  point)  where 
the  deflections  are  such,  that  the  vertical  fibres  have  been  suf- 
ficiently stretched  to  take  up  the  residual  load  not  expended  in 
compressing  the  curved  layers. 

The  arch  layers  act  entirely  as  resisting  springs,  and  the  stiff- 
ness of  these  springs  for  any  amount  of  deflection,  is  an  already 
known  quantity.  Column  16  gives  the  resistances  for  a  one 
inch  crown  deflection.* 

Column  17  gives  the  values  of  q,  which  correspond  to  the  de- 
flections given  in  column  7  for  the  vertical  beam,  and  column  18 
gives  the  resisting  moments  which  these  forces  would  exert  at 
each  of  the  ten  sections  of  the  clam.  The  general  manner  in 
which  these  values  of  q  might  be  used  to  determine  the  real  ad- 
justment of  the  load,  as  distributed  between  the  arch  fibres,  and 
vertical  fibres  of  the  dam,  should  be  sufficiently  clear  from  our 
earlier  calculations.     However,  by  inspecting  columns  17  and 

*For  the  five  lower  sections— 6  to  10  inclusive — the  values  given,  are  the  in- 
volute values,  increased  by  12  percent.  This  assumption  is  a  sufficiently  cor- 
rect one,  as  it  was  shown  in  the  table  on  page  124  that  the  ratio  of  the  beam 
resistance  to  the  involute  resistances,  is  practically  constant,  as  long  as  «■ 
remains  the  same,  that  is  to  say,  of  course,  if  R  and  t  change  but  slightly,  as 
is  here  the  case.  This  assumption  of  the  values  q6  to  q10  was  made  solely 
to  save  a  rather  extended  calculation,  the  result  of  which  could  be  very 
closely  foretold,  and  is  especially  warranted  where  close  results  are  im- 
material to  us. 
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18,  and  bearing  in  mind  that  they  are  approximate  values,  and 
about  33%  to  50%  greater  than  what  they  would  be  after  adjust- 
ment, we  see  that,  in  the  case  of  the  Bear  Valley  Dam,  they 
amount  to  nothing  as  compared  with  the  moments  exerted  by 
the  water  pressure  (see  column  6),  and  that  they  would  modify 
the  strains  given  in  columns  12,  13  and  14  only  to  an  insignifi- 
cant extent.  In  our  dam  therefore  (we  do  not  say  in  any  dam) 
it  appears  that  the  strains  would  be  just  about  the  same,  whether 
side  wall  resistances  were  present  or  not.  The  results  of  this 
calculation  are  already  much  more  satisfactory  than  those  de- 
duced from  any  previous  treatment,  and  they  will  be  all  the 
more  so,  when  it  is  considered  that  the  values  for  the  tensile 
strains  at  D  are  the  maxima  values  occurring  anywhere  in  the 
dam;  that  for  any  other  point  D15  the  bending  strain  would  be 
less  in  proportion  as  D^  is  less  than  DC;  that  is  to  say,  in 
proportion  as  its  distance  from  the  neutral  axis  TY  decreases. 
The  absolute  strain  at  T>1  will  however  be  decreased  to  a  still 
larger  degree  than  is  expressed  by  the  foregoing  ratio,  as  the 
evenly  distributed  influence  of  weight  of  masonry  and  vertical 
water  pressure  (see  column  12)  is  the  same  for  any  point  in  the 
section.  However,  110.9  pounds  per  scpiare  inch  is  not  so  high 
a  value  that  we  need  be  surprised  at  ordinary  good  cement 
mortar  sustaining  it,  especially  when  the  maximum  value,  as  has 
been  stated,  is  coufined  to  a  very  small  area. 

We  will  next  consider  what  change  will  be  produced  in  the 
strains  by  an  irregular  foundation  line,  as  formed  by  the  bed- 
rock profile  of  the  canon.  This  case  may  be  referred  to  the 
preceding  one,  by  imagining  a  portion  of  the  cylinder  encased  in 
the  side  walls  of  the  dam  site. 

Let  Fig.  19  represent  any  fixed  beam,  acted  upon  by  forces 
as  shown,  and  brought  under  strain  by  its  load.  Now  suppose 
that  along  the  irregular  line  ab,  the  shaded  portion  of  the  beam 
were  built  in  with  solid  masonry;  no  change  would  occur  in 
the  strains  at  any  point,  neither  within  the  shaded  portion  nor 
without  the  same.  Were  the  shaded  portion  encased  in  its  en- 
velope prior  to  the  application  of  its  load,  however,  then  the 
change  in  the  strains  would  depend  entirely  upon  the  compress- 
ibility  of   the  envelop,  both  as    determined  by  its  mass,   and 
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by  its  degree  of  elasticity.  As  an  extreme  case,  let  the  en- 
velop be  regarded  as  absolutely  rigid,  and  the  shaded  portion 
of  the  figure  now  forming  a  part  of  it.     What  is  the  result? 

Between  the  free  end  of  the  beam  and  the  section  AK,  none 
of  the  conditions  are  altered,  hence  the  strains  remain  as 
before,  for  the  part  of  the  beam  beyond  AK,  the  load  rest- 
ing upon  it  now  goes  direct  to  the  shaded  figure,  and  produces 
no  strain  in  the  horizontal  fibres;  hence  the  strain  in  the  most 
remote  fibre  AXi  can  at  no  point  increase  beyond  the  maximum 
value  at  A.  The  portion  of  the  line  between  O  and  N  ceases  to 
be  a  neutral  axis,  as  owing  to  the  incompressible  nature  of  the 
part  of  the  figure  assumed  to  be  rigid,  tbe  fibres  can  no  longer 
adapt  themselves  to  assume  strains  conformable  to  this  line  as 
a  neutral  fibre — the  tendency  evidently  being  to  bring  about  an 


/Y. 
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adjustment  such  that  for  any  section  ST,  the  strains  will  equal- 
ize themselves  as  much  as  possible  and  all  become  alike  in 
nature;  that  is,  all  become  tensile  strains  in  this  case.  For, 
were  the  fiber  strains,  as  transferred  from  the  plane  AK  fo 
the  plane  next  back  of  it,  to  go  on  unchanged  in  magnitude 
in  each  fiber  as  far  as  the  base  NNj,  different  changes  in 
length  in  differently  strained  fibers  must  result,  from  which 
would  follow  deflections  in  the  beam  which  the  rigid  envelop 
could  not  conform  to,  and  which  it  would  prevent.  It  is 
of  course  well  known  that  between  adjacent  and  contiguous 
fibers  strains  exist,  as  well  as  in  the  fibers  themselves;  that 
these  strains  are  of  a  shearing  nature,  and  that  their  function 
is  to  prevent  slipping  of  one  fiber  along  its  neighbor;  as  a 
general  principle  the  shearing  strain   in  the   direction  of  the 
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Fig 20. 


strained  fibers,  being  greatest  -where  the  fiber  strain  or  bending 
strain  is  least. 

As  a  consequence  of  this  general  principle  of  strained  bodies, 
a  certain  zone  must  extend  back  of  OK  to  some  point  K,  on  the 
confines  of  the  shaded  figure,  such  that  an  irregular  line  OKj  will 
be  a  neutral  line  of  strain;  on  the  one  side  of  which  (withiu  the 
space  OKjK,  shown  in  cross  shaded  lines)  compressive  strains 
only,  on  the  other  side  of  which,  tensile  strains  only  will  be 
found. 

The  location  of  the  point  K,  and  the  nature  of  the  line 
OKj  would,  of  course,  depend  purely  upon  the  special  conditions 
of  the  case. 

For  a  section  ST,  let  Fig.  20  represent 
its  cross-section;  AABB  being  the  original 
section,  CCBB  the  portion  afterwards  con- 
sidered rigidly  enveloped,  EE  the  origin- 
al natural  fiber  of  the  section  and  b  the 
width  AA  or  BB  of  the  section.  Under 
the  original  conditions,  the  widths  of 
the  triangular  figure  AAO,  gave  the  law 
Ivy  which  the  fiber  strains  varied  from 
zero  in  the  neutral  axis  to  the  maximum 
^  value  s  in  the  outermost  fiber  AA.  Alter 
encasement  in  the  envelop,  assuming  Oi  to  be  the  neutral 
point,  the  irregular  dotted  figure  AAO,  may  represent  the  law 
of  change  of  fiber  strain.  The  areas  of  AAO  and  AAOj  may  be 
said  to  represent  the  capacity  for  uniform  strain  resistances 
in  each  case;  and  if  we  assume  equal  external  stress  to  act  on  the 
section  under  both  conditions,  the  maximum  strain  iD  the  fiber 
AA  would  be  less  after  the  introduction  of  the  rigid  zone 
CCBB  than  it  was  originally,  in  proportion  as  the  triangular 
area  is  less  than  that  of  the  irregular  figure  AAO,. 


In  seeking  to  apply  these  deductions  to  the  case  of  a  beam 
whose  cross-section  is  composed  of  curved  layers,  the  terminals 
of  which  alone  join  the  rigid  envelop  (or  canon  profile)  and 
whose  intermediate  points  are  unsupported — the  forces  shown  in 
Fig.  19  as  working  on  the  layers  between  A  and  Nt,  only  go 
partially  to  the   envelop,  but  pass  mainly  from  curved  layer  to 
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curved  layer,  until  finally  transferred  to  the  base.  The  effect 
upon  a  section  ST,  however,  is  that  the  moment  at  that  section 
is  reduced  below  what  it  would  be,  were  the  beam  of  constant 
span;  first  on  account  of  the  partial  transference  to  the  abut- 
ments which  has  been  noticed,  and  also  on  account  of  the  con- 
traction of  the  surface  exposed  to  the  water  load; — from  both 
of  which  causes  follows  a  reduction  in  the  maximum  strain  be- 
low the  value  which  is  given  for  the  strain  in  table  2. 

With  this  result  we  must  rest  content,  and  the  result  would 
really  be  a  satisfactory  one,  were  it  not  that  we  have  assumed 
conditions  which  it  is  easy  to  show  cannot  be  strictly  fulfilled. 

The  thorough  freedom  of  all  fibers  to  accommodate  themselves 
to  the  strain  brought  upon  them  by  the  load,  which  exists  in  a 
free  beam,  is  here  interfered  with  by  the  fact  that  the  fibers  at 
their  junction  with  the  presupposedly  rigid  abutments,  are  not 
free  to  slide  along  their  lines  of  contact. 

The  effect  of  this  is  again  to  interpose  a  resistance  to  deflec- 
tion, and  as  such  it  probably  would  tend  to  still  further  oppose  the 
generation  of  tensile  strains  near  the  crown.  Nevertheless,  this 
effect  is  produced  by  resistances  which  are  not  contemplated  in  the 
assumptions  underlying  the  beam  theory;  from  which  results  an 
uncertainty  as  to  the  distribution  of  the  actual  strains  in  the 
section,  which  should  be  borne  in  mind.  We  have  not,  how- 
ever, sought  to  determine  the  actual  strains  in  the  dam,  but 
only  to  determine  an  outside  limit,  which  the  values  of  the  actual 
strains  would  not  exceed,  provided  that  the  action  of  the  dam 
in  general,  accords  with  the  assumed  hypothesis. 

We  cannot  assume,  what  is  assumed  for  the  beam  under 
transverse  loads,  that  the  particles  which  lay  in  the  same  cross- 
section,  or  horizontal  layer  of  the  dam,  remain  in  plane  surfaces 
after  the  dam  is  subjected  to  load,  but  we  can  conceive  them  to 
lie  in  carved  surfaces,  which  are  horizontal  crosswise  with  the 
canon — so  that  layers  which  in  Fig.  21  were  originally  straight, 
as  shown  by  dotted  lines,  become  subsequently  curved,  as  is 
indicated  by  the  full  lines.  Such  a  condition  is  quite  compatible 
with  the  general  assumptions  made  in  the  case  to  which  we 
have  endeavored  to  refer  the  actual  one  before  us.  It  is  quite 
conceivable  that  in  general  the  transference  of  the  load  takes 
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place  actually,  from  layer  to  layer  to  the  base,  though  partly 
modified  by  a  portion  of  the  same  passing  to  the  abutments  in 
an  arch  sense,  and  also  that  another  portion  finds  its  way  to 
the  abutments  through  the  resistances  which  the  latter  offer  to 
vertical  sliding  of  the  masonry  along  the  abutting  faces;  whereby 
a  reduction  of  the  strains  is  caused  below  the  values  which  they 
would  assume,  were  the  latter  resistances  not  present. 

As  regards  the  probable  nature  of  the  curved  surfaces  which 
would  be  formed,  it  would  be  useless  to  speculate  upon  them  as 
a  means  of  deducing  the  actual  value  of  the  maxima  strains. 
The  actual  deflections  imparted  to  the  dam,  under  varying 
heights  of  water  surface  are  the  only  means  of  gaining  a 
knowledge  of  the  actual  strains,  as  they  are  also  the  only  means 
of  determining  whether  our  hypothesis  as  to  the  manner  in 
which  action  takes  place,  is  a  warrantable  one. 


^#2/. 


The  mere  fact  that  our  calculations  lead  to  strains  which  would 
be  quite  within  the  capacity  of  the  masonry  to  withstand,  is  no 
conclusive  proof  that  action  takes  place  in  the  manner  we 
have  assumed  it  to  take  place.  All  that  can  be  said  in  its  favor, 
is  that  this  treatment  suggests  a  probable  explanation,  consis- 
tent with  known  principles  of  mechanics,  while  no  other  hy- 
pothesis which  has  yet  been  suggested,  appears  to  have  done 
as  much. 
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Now  the  point  to  be  determined  by  measurements  is  this.  If 
we  are  to  explain  the  action  of  the  dam,  as  being  similar  to  that 
assumed  in  our  first  calculations,  then  we  are  to  expect  deflec- 
tions of  considerable  magnitude,  measurably  corresponding  at 
the  middle  of  the  dam  with  the  values  given  in  Table  1 — though 
probably  larger  than  those  values,  for  several  reasons  which 
should  be  apparent — and  of  such  a  nature  that  at  any  point  on 
the  crest  of  the  dam,  the  direction  of  greatest  deflection  should 
coincide  ivith  the  radial  line  drawn  to  the  center  of  curvature; 
whereas,  if  the  action  of  the  dam  corresponds  to  our  second 
hypothesis,  then  we  are  to  expect  deflections  whose  absolute 
amounts  are  very  small  quantities  (less  than  those  given  in  Table 
2),  changing  less  rapidly  relatively  speaking  from  the  center  of 
the  dam  towards  the  abutments,  and  always  of  such  a  nature 
that  at  any  point  along  the  crest  of  the  dam,  the  direction  of 
maximum  change  ivill  be  in  a  line  parallel  to  the  axis  of  the 
canon,  that  is  to  say  parallel  to  the  radial  line  at  the  middle 
point  of  the  dam — while  the  direction  of  least  deflection  will  be 
at  right  augles  to  the  last. 

How  such  measurements  are  to  be  best  conducted,  is  a  matter 
worthy  of  consideration  by  the  society.  It  appears  to  the  writers 
that  the  crown  deflection  might  best  be  measured  by  transit  ob- 
servations from  the  bank,  by  which  the  absolute  value  of  the 
movement  there,  might  be  obtained  with  very  considerable  ac- 
curacy; that  at  other  points  simple  level  bubbles  set  in  boxes 
with  carefully  ground  beds,  to  rest  freely  on  ground  bed  plates 
which  have  previously  been  rigidly  attached,  in  a  horizontal  po- 
sition, to  the  masonry  of  the  dam,  may  be  simple,  accurate  and 
inexpensive  means  of  determining  the  angular  changes  arising 
from  deflections  of  the  structure.  The  levels  being  free  to  be 
placed  in  any  vertical  plane,  the  direction  of  maximum  dip 
would  be  easily  ascertained.* 

The  Bear  Valley  Dam  is  to  be  superseded  by  another  dam, 
which  is  to  be  of  gravity  section,  built  upon  a  curve,  and  located 
some  eighty  feet  lower  down  the  canon  than  the  present  dam. 

*0f  course,  the  correct  value  of  the  modulus  would  have  to  be  determined, 
where  absolute  values  of  the  deflections  are  desired.  The  values  in  Tables 
1  and  2  are  only  supposed  to  be  relatively  correct  for  E  =  1,500,000. 
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As  this  structure  rises  in  height,  water  is  to  be  let  in  between 
the  two  structures,  in  order  to  relieve  the  present  dam  from 
strain.  There  will  evidently  arrive  a  time  in  which  a  series  of 
measurements  could  be  made  upon  the  dam,  under  almost  any 
desired  conditions  of  loading,  without  loss  of  water  and  with  but 
little  lapse  of  time  intervening  between  the  measurements. 
Another  opportunity  to  obtain  by  experiment  such  insight  into 
the  real  conditions  of  strain  in  masonry  dams,  may  possibly 
never  occur  again,  nor  is  it  probable  that  any  structure  will  be 
built  whose  testimony  would  be  of  greater  value,  nor  likely  to 
settle  more  points  of  controversy,  than  tliis  special  dam,  if  con- 
scientiously studied. 

The  interest  is  not  local,  but  of  general  significance,  and  we 
suggest  it,  as  a  suitable  subject  for  the  endeavors  of  the  Society, 
to  take  the  investigation  under  its  auspices  as  a  body,  com- 
municating with  other  societies  relative  to  the  best  method 
of  obtaining  the  results,  and  rendering  them  valuable  when  ob- 
tained; more  especially,  however,  with  a  view  to  collecting  data 
by  similar  observations  made  on  other  dams,  when  favorable 
opportunity  for  observation  is  presented. 

Material  might  possibly  be  thus  collected  for  accurate  deter- 
mination of  the  strain  in  curved  dams,  which  as  a  purely  theo- 
retical problem  is  probably  not  capable  of  exact  solution.  Even 
if  no  such  unequivocal  conclusions  were  reached,  if  we  obtain 
results  approximately  agreeing  with  deflections  such  as  our  the- 
ory would  require,  the  outcome  would  still  not  be  other  than 
valuable.  The  internal  strains  (shearing  and  normal)  at  all 
points  and  in  all  directions,  are  determinable  quantities  for 
the  unsupported  hollow  beam  under  transverse  loads.  Where 
only  a  general  conformity  with  the  hypothesis  established,,  a 
substitution  of  an  ideal  structure  of  uniform  height,  such  as  was 
used  in  our  calculation,  could  be  made  in  any  particular  case, 
with  the  assurance  that  the  strains  in  the  actual  structure  would 
not  exceed  those  determinable  for  the  supposititious  one,  in  which 
the  auxiliary  influence  of  side  support  and  irregular  foundation 
were  neglected.  A  determination  of  the  maxima  internal  strains 
for  this  case  would  probably  give  a  safe,  though  not  a  correct, 
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gauge  of  the  extent  to  which  the  performance  of  the  Bear  Valley 
Dam  might  be  looked  to  as  promising  enhanced  strains  in  curved 
dams,  under  other  conditions. 

The  general  impression  of  the  writers  is,  that  such  an  inquiry — 
provided  we  were  restricted  to  a  treatment  by  analogy,  as  just 
described— would  point  to  a  decreasing  rate  of  efficiency  of 
the  curved  over  the  straight  type,  with  increasing  lengths  of 
dams;  that  cross-sections  of  very  narrow  widths  would  not  be 
justifiable,  provided  due  regard  be  paid  to  the  possible  values 
of  the  internal  strains,  which  might  be  excessive  even  though 
the  bending  strains  were  not  too  great;— and  that  we  should  be 
led  to  ascribe  the  high  duty  of  the  Bear  Valley  Dam  to  a  favor- 
able combination  of  conditions,  which  would  not  have  held  good 
had  the  span  been  considerably  longer  than  it  is. 

"While  it  would  probably  be  demonstrated  that  the  curved 
type  always  possesses  an  advantage  over  the  straight  one,  the 
curved  form  offering  a  certain  resistance  for  quiescent  water 
loads,  which  under  sudden  shocks  or  dynamic  stress  would  in- 
crease with  the  load,  still  no  such  enhanced  resistance  in  any 
case  exists,  as  would  be  ascribed  to  the  horizontal  arch,  if 
estimated  by  the  formula  8—qB-i-L  In  fact,  were  that  for- 
mula a  correct  index  of  the  strength  of  the  arch  (which  we 
believe  we  have  shown  is  not  the  case),  then  the  superiority 
of  the  curved  type  over  the  straight,  would  need  no  further 
demonstration.  For,  were  only  compressive  strains  generated 
in  the  arch,  as  that  formula  would  imply,  then  it  is  hardly 
possible  to  fix  a  strain  so  great,  that  in  practice  we  need 
count  upon  destruction  of  any  dam  of  reasonable  radius; 
for,  while  it  may  be  expedient  in  construction  to  limit  the 
compressive  strains  to  fourteen  tons  per  square  foot,  still 
we  know  that  often  600,  and  even  1000  tons  fail  to  crush 
stone,  when  the  conditions  are  favorable  ones.  The  dam 
would  probaby  never  fail  through  direct  crushing  of  any  part 
of  the  masonry,  its  destruction  being  brought  about,  under 
much  lighter  loads,  by  reason  of  cracks  opening  inside  the 
structure,  where  the  shearing  strains  became  excessive,  or  where 
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the  tensile  bending  strain  exceeded  the  resistance  of  the 
masonry.* 

Upon  the  other  hand,  provided  the  relief  brought  about 
through  the  curved  plan,  should  prove  to  be  a  result  of  arch  re- 
sistance only,  (either  compressive  or  beam  resistance)  as  was  first 
assumed,  or  should  this  part  of  the  relief  alone  be  capable  of  de- 
termination, and  therefore  alone  be  recognized  as  a  measure  of 
the  extra  security  to  be  obtained  by  the  use  of  curvature,  then  it 
would  appear  that  the  amount  of  relief  to  be  anticipated  from 
this  source  is  largely  dependent  upon  the  choice  of  the  radius  of 
curvature. 

Recalling  our  first  calculations,  the  involute  assumption, 
which  probably  fairly  represents  the  influence  of  arch  compres- 
sion alone  considered,  would  point  to  the  selection  of  small 
radii,  as  a  means  of  increasing  the  element  of  arch  resistance;  the 
subsequent  investigation  lead,  however,  (see  table,  page  124),  to 
the  conclusion  that  the  true  curve  resistance  to  deflection 
materially  increases  with  decreasing  central  angles;  so  that  for 
constant  radii  and  uniform  dimensions  of  cross-section,  the  ratio 
of  the  curve  resistance  to  arch  compression  resistance,  is  prac- 
tically constant  for  any  fixed  value  of  the  central  angle.  From 
this  it  would  appear,  that  a  proper  selection  of  the  radius  and  the 


*As  regards  the  shearing  strains  in  the  ideal  beam  with  uusupported  sides 
(Fig.  17).  the  greatest  shearing  strain  actiug  in  the  direction  of  the  neutral 
axis,  at  the  base  of  the  beam,  would  be  about  837  lbs.  per  sq.  inch;  compare 
Eitter,  page  SI,  el  sequel.  The  value  designated  as  =■  is  17.25  ft.;  V=14,445,- 
000  lbs.;  anl  as  the  width  of  the  section,  measured  parallel  to  the  chord  is 
41.7  ft.  on  each  side  of  the  dam,  the  shearing  strain  p  is 

14,445,000  .,.,.,,  .     . 

?>  — — '  _s — —  =  836. <4  lbs.  per  sq.  inch. 

*        83.4X17.25X12 

Prof.  Heiuzerliug  in  his  "  Angreifende  und  Widerstehende  Kraefte  "  gives 
8  to  16  Uilos.  per  square  centimeter  (i.  e.,  114  to  228  lbs.  per  square  inch)  as  a 
mean  value  of  p  for  mortar,  assuming  tenfold  safety.  While  the  resistances 
due  to  side  support  of  the  canon,  etc.,  probably  tend  to  prevent  the  shearing 
strains  becoming  as  great  as  the  above  calculation  would  make  them,  still  it  is 
probable  that  very  considerable  shearing  strains  exist  in  the  dam,  leaving  no 
considerable  margin  of  safety,  even  tbough  the  strains  be  taken  up  accord- 
ing to  the  hypothesis  we  have  suggested. 
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central  angle,  will  lead  to  a  maximum  curve  resistance,  both 
considered  as  an  absolute  quantity,  and  economically  considered 
■with  reference  to  the  (slight)  difference  in  amount  of  masonry 
involved  in  a  choice  between  different  curved  projects. 

As  regards  the  extra  amount  of  masonry  required  by  the  use 
of  a  curved  plan,  it  is  generally  a  very  small  quantity;  much  less 
than  has  been  frequently  assumed.  Upon  this  point  we  speak 
advisedly,  and  after  having  had  occasion  to  test  the  statement 
in  connection  with  a  number  of  dam  sites.  The  difference  is  not 
usually  10  or  15  per  cent.,  as  bas  been  suggested;  5  per 
cent,  in  almost  any  practical  case  allowing  for  very  liberal  cur- 
vature,— probably  quite  up  to  what  would  appear  desirable  in 
practice,  with  due  regard  to  securing  suitable  abutting  angles 
between  the  arch  and  the  canon  walls. 

For  the  Bear  Valley  Dam,  the  quantity  of  masonry  in  the 
present  dam  (not  including  the  lower  base),  as  nearly  as  can  be 
estimated  from  the  plans,  is  about  2019  cubic  yards.  Had  the 
dam  been  straight,  the  quantity  would  have  been  1986  cubic 
yards.  A  straight  dam  of  equal  height,  constructed  upon 
recognized  principles,  (excluding  tensile  strains  in  the  dam), 
would  have  required  about  4800  cubic  yards.  The  use  of  cur- 
vaturo  in  the  actual  dam  onl}7  increased  the  amount  of  masonry 
about  If  per  cent.,  and  the  clam  as  constructed  only  consumed 
4H  per  cent,  of  the  masonry,  which  an  orthodox  "gravity" 
project  would  have  required. 

The  most  pronounced  opponent  to  the  use  of  curvature,  would 
hardly  assert  that  a  straight  dam  of  the  same  cross-section  as  the 
Bear  Valley  Dam,  would  have  successfully  resisted  the  load 
which  a  full  reservoir  would  have  subjected  it  to;  and  whatever 
the  opinion  as  to  the  boldnesss  of  the  design,  its  performance 
must  be  recognized,  and  its  efficiency  conceded  as  a  result  of  the 
use  of  curvature,  under  conditions  which  entailed  but  slight 
additional  cost. 

The  question  of  the  curved  versus  straight  type,  has  been 
considered  upon  rather  narrow  grounds,  and  personal  bias  has 
cut  too  large  a  figure  in  the  matter.  Arguments  have  been  ad- 
vanced on  both  sides  which  were  not  worth  consideration. 

As  regards  the  simple  nature   and  the  thorough  harmonious- 
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ness  of  the  strains  in  straight  dams,  which  has  often  been  dwelt 
upon,  it  requires  little  consideration  to  see  that  in  practice  this 
simplicity  does  not  exist.  The  claim  of  simplicity  would  really 
be  correct,  were  the  straight  dam  of  uniform  height  and  unre- 
sisted by  fixture  to  the  canon  sides.  There  can  be  no  doubt, 
however,  that  a  tendency  to  shear  off  the  dam  from  its  side-sup- 
ports, always  exists  in  the  case  of  the  straight  dam  (probably 
more  so,  than  when  the  dam  is  curved)  and  it  is  only  due  to  the 
very  liberal  dimensions  used  in  practice,  and  the  consequently 
small  deflections,  that  the  induced  strains  are  not  serious  in 
nature.  This  suggests  another  advantage  of  the  curved  type; 
namely,  that  it  is  in  a  better  condition  to  yield  easily  to  the  in- 
ternal strains  due  to  temperature  changes  than  is  the  straight 
dam,  which  not  being  in  a  position  to  "  buckle  "  must  transfer 
all  such  strains  directly  to  the  abutments,  so  that  working 
strains  alternately  tend  to  thrust  the  abutments  outwards,  or  to 
tear  the  masonry  loose  from  its  side  supports.  Without  wishing 
to  attach  undue  importance  to  a  matter  which  probably  does 
not  deserve  very  serious  consideration,  it  must  be  admitted  that 
technically  considered,  this  is  not  a  desirable  feature  of  the 
straight  type. 

Apprehension  has  been  expressed,  that  curvature  introduced 
unknown  elements  into  the  problem,  which  have  apparently 
been  considered  as  entirely  erratic  in  their  action.  This  hardly 
needs  a  mathematical  disproof.  It  appears  almost  a  common 
sense  proposition,  that  if  a  structure  is  precluded  by  its  manner 
of  construction  from  affording  considerable  arch  relief,  then  the 
strains  growing  out  of  such  action  can  be  of  no  considerable 
magnitude.  If  a  mathematical  expression  of  this  fact  is  desired, 
then  formulas  33  and  34  may  be  offered  in  support  of  the 
proposition. 

It  would  not  be  difficult  to  point  out  supplementary  actions 
which  probably  take  place  in  the  curved  structure,  and  which  go 
to  relieve  the  central  section  of  a  portion  of  its  strains.  These 
were  omitted,  as  their  joint  effect  would  not  have  been  sufficient 
to  so  materially  affect  the  showing,  as  to  reduce  the  strain  to 
within  limits  which  might  explain  the  high  resistance  of  the 
dam,  and  were  omitted  in  order  not  to  needlessly  lengthen  a 
paper  already  longer  than  was  originally  contemplated. 
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Without  wishing  to  pass  criticism  upon  a  structure,  whose 
phenomenal  duty  must  be  its  best  endorsement,  it  may  be  re- 
marked that  an  addition  of  less  than  10  per  cent,  to  the  quantity 
employed  (namely,  by  modifying  the  section  slightl}',  and  se- 
lecting a  radius  more  favorable  to  arch  resistance),  would  have 
led  to  very  different  values  for  the  theoretical  strains,  practi- 
cally reducing  them  to  within  limits  which  need  have  caused  no 
surprise  at  their  having  been  withstood. 

Had  the  Bear  Valley  Dam,  however,  been  constructed  in  con- 
formity with  these  changes,  it  would  have  been  robbed  of  the 
interest  which  it  possesses,  as  one  of  the  most  phenomenal 
structures  ever  designed  and  carried  to  a  successful  issue;  one 
whose  instructive  lesson  may  first  be  completely  understood, 
only  after  it  has  ceased  to  exist  as  a  useful  structure. 
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WHAT  CONSTITUTES    A   MAP. 
By  Wm.  G.  Raymond,    Mem.  Tech.  Soc.  P.  C. 

[  Read  January  :i,  1890.  ] 

Maps  are  made  for  various  purposes,  some  to  show  the  out- 
lines and  main  physical  features  of  a  continent  or  country;  some 
to  show  the  conformation  of  the  surface  of  a  continent  or  coun- 
try; some  to  show  the  outlines  of  smaller  districts  or  the  con- 
formation of  their  surfaces.  Some  are  made  to  give  information 
necessary  to  the  correct  planning  of  great  works,  such  as  rail- 
ways, bridges,  canals,  mines,  drainage  and  water  supply  systems, 
etc.,  and  some  are  made  for  the  purpose  of  serving  as  a  basis  for 
the  description  of  lands  to  be  conveyed  from  one  party  to 
another.  What  should  appear  on  a  map  depends  entirely  on 
the  object  for  which  it  is  to  be  used,  and  at  this  time  I  propose 
to  confine  my  attention  to  maps  made  to  describe  real  property. 
Such  maps  are  of  cities,  towns,  or  "additions"  thereto,  or  of 
farms,  or  as  we  call  them  in  California,  'ranches,"  or  other 
tracts  of  marketable  land.  It  may  seem  at  first  thought  that 
there  is  little  to  be  said  on  such  a  subject,  but  when  the  fact,  with 
which  most  of  }'Ou  are  acquainted,  that  millions  of  dollars  worth 
of  property  in  this  State  depends  for  its  correct  location  on 
some  advertiser's  printed  circular,  is  fully  realized,  the  possibilit}' 
that  all  has  not  been  said  that  might  have  been  said  suggests 
itself,  and  the  question,  "  What  constitutes  a  map?"  becomes  a 
pertinent  one. 


Raymond  on    What  Constitutes  a  Map.  153 

In  our  county  records  anything  that  is  made  up  of  lines  and 
figures,  either  drawn  by  hand,  photolithographed  or  simply  prin- 
ted with  '•  rule  "  and  type,  and  labeled  "  this  is  a  map,"  is  consid- 
ered a  sufficient  basis  for  the  correct  description  and  location 
of  the  property  it  purports  to  represent. 

Our  records  are  full  of  auctioneers'  circulars,  manufactured  in 
a  printing  office  from  information  coming  from  nobody  knows 
where,  filed  at  the  request  of  the  auctioneer's  clerk,  with  no 
name  of  owner  or  other  interested  party  attached  except  as  the 
name  of  the  auctioneer  appears  in  the  accompanying  advertise- 
ment. 

Further  than  this,  these  maps  are  frequently,  purposely  dis- 
torted to  create  a  favorable  impression  of  the  property  to  be 
sold.  Wide  streets  are  shown  where  only  narrow  ones  exist, 
streets  opened  for  the  full  width  where  they  have  been  opened 
for  but  half  their  width,  rectangular  subdivisions  that  really 
may  not  be  even  parallelograms,  &c,  &c.  Such  maps  as  these 
frequently  form  the  only  basis  for  the  description  and  location 
.of  the  property  they  are  supposed  to  represent. 

This  circular  business  is  bad,  very  bad  for  those  who  buy;  but 
is  the  information  given  by  these  circulars  of  much  worse  char- 
acter than  that  furnished  by  many  of  the  maps  made  by  survey- 
ors and  filed  at  the  request  of  the  owners  ? 

On  these  plats,  if  of  "  additions,"  we  fiud  lines  indicating 
the  boundaries  of  blocks  and  lots,  all  of  which  blocks  and  lots 
are  numbered;  the  names  of  the  streets  appear  in  neat  letters, 
a  few  dimensions,  possibly  all  linear  dimensions,  will  be  given; 
the  streets  or  blocks  may  be  tinted  with  soft  and  delicate  tints 
and  the  whole  set  off  with  an  elegant  border  and  title.  As  an 
exhibition  of  the  draftsman's  skill  these  maps  are  valuable.  As 
a  source  of  information  as  to  the  location  of  the  lines  they  pur- 
port to  show  they  are  worth  about  as  much  as  the  auctioneer's 
circular.  Perhaps  they  have  a  few  more  figures,  and  the  pre- 
sumption may  be  a  little  stronger  that  the  figures  are  correct. 

Examine  one  of  the  maps  closely.  You  will  find  no  evidence 
that  a  monument  has  been  set  in  the  field,  not  an  angle  recorded, 
though  the  lines  may  cross  at  all  sorts  of  angles,  and  dimen- 
sions given  that  do  not  agree  among  themselves— so  that  it  is 
impossible  to  "calculate"  the  angles. 
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You  will  find  no  name  signed  except,  possibly,  that  of  the 
surveyor,  who  thus  advertises  either  his  stupidity  or  something 
woi'se.     Let  us  be  kindly,  and  call  it  stupidity. 

Frequently  no  monuments  are  set  except  small  stakes  at  the 
corners  of  the  blocks,  but  the  fact  that  even  such  stakes  have 
been  set  is  not  recorded  on  the  plat. 

Oue  who  is  acquainted  with  the  practice  of  surveyors  in  a 
given  district,  knows  at  what  points  to  look  for  such  stakes,  and  if 
they  have  been  set  and  not  pulled  out  to  make  room  for  a  fence- 
post  or  building  he  may  succeed  in  finding  them.  Some  surveyors 
have  a  practice  of  setting  stakes  a  certain  distance  away  from 
the  point  the  stake  is  supposed  to  mark,  but  no  mention  of  this 
fact  appears  on  the  map.  In  fact  the  map  is  so  drawn  that  no 
one  but  a  surveyor  who  made  it  can  write  a  correct  description 
of  any  one  of  the  parcels  of  land  shown,  nor  correctly  locate  it 
on  the  ground.  Furthermore,  the  surveyor  himself  finds  it  im- 
possible, after  the  lapse  of  a  few  years  and  the  destruction  of 
his  "private  marks,"  to  re-run  any  one  of  the  lines  exactly,  as 
originally  laid  out. 

It  is  easy  to  see  to  what  this  leads;  impossible  descriptions  of 
property  giving  opportunity  for  differences  in  judgment  as  to 
interpretation  of  what  was  intended;  disputes  as  to  position  of 
party  lines;  costly  litigation  and  expensive  movement  of  struc- 
tures begun  or  completed,  and  the  actual  shifting  of  lines  back 
and  forth  by  different  surveyors  or  even  the  same  surveyor, 
honestly  trying  to  locate  the  lines  properly. 

The  writer  has  seen  enough  of  trouble  of  this  sort  to  indicate 
to  him  that  a  radical  change  is  needed  in  the  field  work  and 
mapping  of  cities,  towns,  and  additions,  not  to  mention  farms 
and  other  tracts  of  land  that  it  may  be  necessary  to  lay  out  and 
describe. 

So  long  as  fallible  man  is  responsible  for  the  accuracy  of  sur- 
veys, maps  and  descriptions  of  properties,  so  long  will  there  be 
errors;  but  that  it  is  possible  to  greatly  reduce  their  number  by 
proper  regulation,  the  writer  is  fully  persuaded.  What  we 
have  been  describing  are  not  maps  at  all,  or  at  most  they  are 
very  imperfect  maps,  and  "  What  constitutes  a  map  ?"  thus  seems 
to  be  a  perfectly  proper  question. 
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A  map  of  a  city,  town,  or  addition,  or  other  tract  of  land, 
serving  as  the  basis  for  the  description  of  property,  should  fur- 
nish all  the  information  necessary  to  the  proper  description  and 
location  of  the  various  parcels  shown,  and  also  of  the  whole 
piece.  It  should  also  show  the  exact  relation  of  the  whole 
tract  to  the  lands  immediately  adjoining;  particularly  should 
this  be  done  when  an  offset  or  angle  is  made  in  the  line  of  any 
street.  To  accomplish  these  things  the  map  should  give  the 
following  facts  : 

1.  The  lengths  of  all  lines  shown. 

2.  The  exact  angle  between  all  intersecting  lines. 

3.  The  exact  position  and  character  of  all  monuments  set. 

4.  The  numbers  of  blocks  and  lots. 

5.  The  names  of  all  streets,  streams  or  bodies  of  water  or 
recognized  landmarks. 

6.  The  scale. 

7.  The  direction  of  the  meridian. 

8.  The  angles  of  intersection  of  the  lines  of  adjoining 
property,  with  the  boundaries  of  the  tract  mapped. 

9.  The  exact  amount  of  offset — either  nothing  or  some 
definite  cpiantity — made  in  lines  that  are  carried  from  the  out- 
side through  the  tract  mapped. 

10.  A  simple,  complete  and  explicit  title. 

Thus  much  to  make  the  map  valuable  for  description  and 
location  of  the  property  it  shows. 

Of  course  monuments  will  not  be  shown  if  none  have  been 
set,  and  very  frequently  none  are  set,  either  from  carelessness  on 
the  part  of  the  surveyor  or  an  unwillingness  on  the  part  of  the 
owner  to  pay  their  cost.  Monuments  of  a  permanent  character 
should  be  set  at  each  corner  of  a  tract  surveyed,  and  at  least  two, 
visible  the  one  from  the  other,  on  the  line  of  each  street.  If 
these  monuments  are  not  placed  on  the  center  lines  of  the 
streets  they  should  be  placed  on  lines  a  uniform  distance  from 
the  center;  so  far  East  or  West  on  North  and  South  streets,  and 
so  far  North  or  South  on  East  and  West  streets.  The  stakes  or 
monuments  set  at  the  corners  of  the  blocks  in  additions  or 
town  sites  should  never  be  the  only  stakes  or  monuments  set  in 
the  tract. 
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That  the  map  may  be  reliable  there  should  appear  on  it  the 
following  : 

1.  The  certificate  of  the  surveyor  that  he  has  carefully  sur- 
veyed the  land,  that  the  map  is  a  correct  representation  of  the 
tract,  and  that  he  has  set  monuments  (to  be  described)  at  the 
points  indicated  on  the  map. 

2.  The  acknowledged  signature  of  all  persons  possessing 
title  to  any  of  the  land  shown  in  the  tract,  and  if  possible  those 
of  adjoining  owners. 

3.  If  of  an  addition,  the  acknowledged  dedication  to  public 
use  forever  of  all  areas  shown  as  streets  or  roads. 

4.  If  a  street  of  full  width,  whose  center  line  is  a  boundary 
of  the  tract  is  shown,  the  acknowledged  signature  of  the 
owner  of  the  adjoining  property,  unless  his  half  of  the  street 
has  been  previously  dedicated. 

As  I  Lave  already  stated,  a  map  may  be  filed  at  the  request  of 
any  person,  and  without  signature. 

This  practice  frequently  leads  to  trouble.  The  writer  knows 
of  cases  in  which  owners  of  large  tracts  of  land  have  had  those 
tracts  subdivided  and  have  taken  land  of  adjoining  non- 
resident owners  for  street  purposes  without  the  consent  or 
knowledge  of  those  owners.  When  at  a  later  day  the  owners  of 
the  land  so  taken  have  objected  and  attempted  to  close  half  of 
the  street,  trouble  of  a  serious  character  has  arisen.  The  same 
thing  has  occurred  where  streets  have  been  run  through  narrow 
gores  of  land  and  have  subsequently  been  completely  closed, 
leaving  houses  built  on  the  mapped  property  without  outlet. 
Time  and  again  have  cases  of  this  sort  come  to  the  knowledge 
of  the  writer. 

It  is  an  easy  thing  to  criticise  but  quite  another  thing  to  point 
out  a  remedy,  but  there  is  a  saying  that  one  should  not  offer  criti- 
cism unless  he  is  able  to  better  the  tbing  criticised. 

Therefore,  having  pointed  out  certain  evils  it  remains  to  sug- 
gest the  remedy.  It  lies  in  the  enactment  of  a  law  governing 
these  matters.  There  should  appear  on  the  statutes  of  the 
State  a  law  defining  explicitly  what  shall  appeal  on  every  map 
filed  for  reference,  and  making  it  a  misdemeanor  to  file  a  map 
that  does  not  strictly  conform  to  the  definition.     I  have  thought 
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that  it  would  be  eminently  proper  for  this  society  to  take  the 
initiative  in  the  matter  of  securing  such  a  law.  A  committee  of 
this  body  might  Le  appointed  which,  acting  with  a  committee  of 
our  law-makers  or  a  committee  of  the  members  of  the  bar  or 
simply  by  securing  legal  advice  in  the  mat'er,  might  frame  an 
act,  having  for  its  object  the  reformation  of  the  evils  that  have 
been  pointed  out,  to  be  offered  for  passage  at. the  next  session  of 
the  legislature.  There  are  other  matters,  in  relation  to  municipal 
work  that  need  correction,  and  at  some  future  time  I  may  speak 
of  the  proper  time  and  method  for  doing  various  kinds  of  city 
surveying,  of  the  arbitrary  way  in  which  some  surveyors  fix  and 
change  and  fix  again  the  recognized  lines  and  grades  of  public 
streets,  of  the  destruction  of  monuments,  of  the  necessity  for 
the  complete  resurvey  and  mapping  of  many  of  our  towns  and 
cities,  of  the  question  "Why  is  the  information  as  to  public 
lines  and  monuments  obtained  by  the  surveyor,  while  in  the 
employ  of  the  public,  any  more  his  private  property  than  the 
public  records  in  the  office  of  the  Clerk,  or  Auditor,  or  Recorder 
are  the  property  of  the  individuals  holding  those  offices  during 
the  time  those  records  were  made?  "  But  one  thing  at  a  time. 
This  question  of  the  proper  making  and  filing  of  maps,  seems  to 
me  one  demanding  immediate  attention  while  our  State  is  yet 
young.     Is  it  not  worthy  our  careful  consideration  ? 

DISCUSSION. 

Mr.  Molera — (Occupying  the  Chair)— I  was  not  aware   that 
anybody  could  file  a  map  for  record  in  the  public  records. 

Mr.  Raymond— I  do  not  know  what  the  law  is  on  the  matter; 
I  only  know  the  fact  exists. 

Mr.  Molera — Mr.  Raymond,  will  you  make  a  motion  that  a 
committee  such  as  you  suggest,  be  appointed  ? 

Mr.  Raymond — I  move  that  a  committee  be  appointed  to  con- 
sider the  preparing  of  an  act  to  regulate  the  filing* of  maps. 
The  motion  was  seconded. 

Mr.   Vischer — Professor  Raymond's  paper  calls  attention  to 
facts  which   undoubtedly  exist.     It  may  be  well  for  the  society 
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to  emphasize  the  fact  of  their  existence,  but  I  fear  that  it  will  be 
almost  impossible  to  bring  about  a  substantial  improvement. 

The  difficulty  lies  not  with  the  surveyors,  but  with  the  public, 
I  think.  I  have  generally  found  owners  tolerably  indiffer- 
ent whether  a  map  or  a  deed  represent  property  exactly  or 
not,  as  long  as  immediate  inconvenience  is  not  felt;  that,  unless 
in  case  of  serious  discrepancies,  they  are  willing  enough  not  to 
let  trifles  interfere,  but  on  broad  principles,  prefer  to  let  the 
next  comer  straighten  matters  out,  if  they  require  remedying. 

The  profession  look  at  this  differently,  of  course,  and  suffer 
under  the  disadvantage  of  being  constantly  called  upon  to 
reconcile  discrepancies  which  are  in  their  nature  not  reconcila- 
ble. But  as  long  as  owners  are  indifferent,  I  fear  the  profession 
will  have  to  submit. 

A  great  deal  can  be  said  upon  the  subject  of  abuses,  but  if  a 
committee  is  to  be  appointed,  it  appears  unnecessary  just  now 
to  forestall  their  labors  by  discussion.  I  would  suggest,  how- 
ever, that  as  we  are  fortunate  enough  to  number  among  our 
members  one  or  two  of  the  legal  profession,  who  generally  take 
a  practical  view  of  such  questions,  that  the  Chair  do  not  over- 
look them  in  naming  a  committee. 

Mr.  Wagoner — Before  a  committee  of  that  kind  is  appointed 
it  would  be  advisable,  I  think,  to  see  what  the  law  is  on  the 
subject. 

Mr.  Molera— I  think,  Mr.  Wagoner,  oue  of  the  functions  of 
the  committee,  and  probably  one  of  the  most  important,  would 
be  to  find  out  what  is  the  law. 

Mr.  Wagoner — To  find  out  the  law,  and  to  revise  it. 

Mr.  Molera — And  then  report  to  this  society  the  state  of 
affairs.  We  can  then  have  a  discussion,  and  all  of  us  suggest 
what  remedies  may  be  found,  and  then  instruct  the  committee 
to  present  what  amendments  are  necessary  to  the  legislature. 

Mr.  Wagoner — There  ought  to  be  another  matter  in  connec- 
tion with  that,  and  that  is  as  to  a  method  of  establishing  a 
finality  to  a  survey.     As  I  understand  the  law,  the  corner  of  anj' 
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object  is  the  one  that  the  existing  County  Surveyor  makes;  he 
may  change  the  corners  set  by  his  predecessor. 

Mr.  Molera-— Of  course  the  corners  by  law  are  the  corners  of 
the  public  survey. 

Mr.  Wagoner — I  speak  of  subdivision  surveys.  For  instance, 
I  call  upon  the  County  Svrveyor  of  this  city  to  set  me  the  cor- 
ners of  a  lot,  and  another  County  Surveyor  is  elected  and  he  re- 
survevs  it,  and  says  the  former  survey  is  erroneous,  and  he  makes 
it  different;   there  is  no  redress. 

Mr.  Molera — O  yes,  certainly.  The  confirmation  by  the 
Deputy  Surveyor  or  Deputy  Engineer  is  simply  prima  facie  evi- 
dence that  it  is  correct.  But  of  course  you  have  to  go  to  a 
court  of  law  for  any  errors  that  have  been  made.  Of  course 
there  are  certain  primary  points  in  a  city,  which  are  recorded  in 
the  City  Engineer's  office,  which  all  the  other  points  depend 
upon.  For  instance,  the  corners  of  the  blocks  are  established 
by  the  first  survey,  and  those  now  are  the  established  corners. 
Whether  there  is  an  error  or  not  in  them  would  make  no  differ- 
ence in  a  matter  of  this  kind. 

Mr.  Wagoner — I  don't  think  you  apprehend  clearly  what  I 
said.  We  will  grant  the  four  corners  are  established;  but  we 
call  upon  the  surveyor  to  make  a  subdivision  and  set  us  off  a 
certain  number  of  front  feet,  and  he  makes  an  error  in  that; 
well,  I  build  on  it;  the  next  man  has  a  survey  made  next  to 
mine  to  test  it,  and  he  discovers  my  surveyor  is  wrong,  and  he 
can  make  me  move  my. building  or  pay  damages.  That  appears 
to  be  the  law  now. 

Mr.  Molera — There  is  the  statute  of  limitations  that  would 
come  in,  which  would  be  in  your  favor;  for  instance  if  you  had 
been  there  in  peaceable  undisputed  possession  of  that  laud  for  a 
certain  length  of  time. 

Mr.  Wagoner— For  five  years;  but  the  error  may  come  up  in 
less  time  than  that. 

Mr.  Molera— Whether  the  last  surveyor  or  the  first  surveyor 
made  the  mistake,  the  court  would  give  you  redress.     But  the 


160  Raymond  on    ]\  hat  Constitutes  a  Map. 

survey  of  the  surveyor  is  simply  prima  facie  evidence,  and  if 
there  is  no  other  reason  the  court  will  presume  that  is  correct 
and  right.  But  the  point  of  finding  the  case  and  investigating 
it,  if  an  error  is  found  and  the  statute  of  limitations  does  not  in- 
terfere with  it,  then  of  course  the  error  is  rectified.  The  City 
Surveyor  is  supposed  to  discharge  his  duties  to  the  best  of  his 
ability,  but  sometimes  he  may  be  mistaken. 

Mr.  Raymond — Xo  surveyor  may  be  said  to  have  any  judicial 
function. 

Mr.  TVagoner — I  think  there  ought  to  be  one  thing  incorpora- 
ted in  such  an  act;  that  a  surveyor  should  be  empowered  to  take 
testimony  about  monuments.  It  is  often  the  case  where  things 
of  that  sort  come  up  that  it  is  necessary  to  take  testimony. 

Mr.  Molera — I  think  the  question,  as  far  as  I  understand  it, 
is  simply  to  regulate  the  filing  of  rnaps— the  qualifications  that 
the  maps  must  have  to  be  entitled  to  be  filed  as  a  public  record. 
Is  that  your  idea  Mr.  Raymond? 

Mr.  Raymond — Yes.  I  include  in  that  the  preparing  of  the 
maps  and  the  filing.  Of  course  the  maps  cannot  be  fully  pre- 
pared until  certain  field  work  is  done. 

Mr.  Wagoner — I  think  it  was  in  1884  I  spoke  to  one  of  the 
State  Senators,  a  prominent  man,  about  something  of  the  sort, 
and  he  said  it  could  not  be  got  through,  no  matter  how  much 
merit  there  was  in  it,  because  there  was  no  money  behind  it. 
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MINUTES  OF  MEETINGS. 
No  meeting  in  October. 

REGULAR    MEETING. 

Friday,  November  1st,  1889. 

President  M.  Manson  in  the  Chair. 

Mr.  Hubert  Vischer  delivered  the  paper  prepared  by  himself 
and  Mr.  Luther  Wagoner,  entitled  "  Curved  Dams."  Their 
exhaustive  treatment  of  the  subject  caused  a  lengthy  discussion. 

Adjourned. 

N.  S.  Keith,  Sec'y. 


REGULAR    MEETING. 

Friday,  December  Gth,  1889. 

President  M.  Manson  in  the  Chair. 

Messrs.  Behr,  Vischer,  Richards,  Gutzkow  and  Isaacs  were 
made  the  Nominating  Committee  to  select  candidates  for  the 
offices  for  the  ensuing  year.  The  Secretary  was  instructed  to 
notify  the  gentlemen  forming  the  Committee  of  the  fact. 

Mr.  Raymond  then  read  his  paper,  entitled:  "A  Graphical 
Method  of  Estimating  Earthwork,"  which  gave  rise  to  an  ani- 
mated discussion,  in  which  Messrs.  Vischer,  Wagoner  and 
Manson  took  active  part,  as  follows: 

Mr.  Vischer — It  strikes  me  that  the  use  of  the  prismoidal 
formula  in   connection  with  the  calculations   contemplated   in 
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Professor  Raymond's  paper,  is  undesirable.  As  the  planes  of 
intersection  are  located  with  reference  to  an  assumed  datum,  and 
spaced  arbitrarily  at  some  convenient  equal  distance  apart,  and 
are  not  located  with  reference  to  natural  changes  in  the  slope  of 
the  ground,  there  can  be  nothiug  gained  in  accuracy  by  using  the 
prismoidal  formula.  As  between  either  of  the  two  sets  of  alter- 
nate sections,  into  which  the  planes  may  be  grouped,  neither 
can  be  selected  as  possessing  greater  accuracy  than  the  other 
set;  so  that  it  is  not  logical  to  assign  either  four  times  the 
weight,  or  twice  the  weight,  to  one  set  that  is  assigned  to  the 
other  set.  The  end  area  method  is  here  a  more  correct  one  than 
the  prismoidal  formula,  and  as  it  simplifies  the  calculation  con- 
siderably, I  suggest  its  use.  The  formula  on  page  G9  would  then 
become — whether  for  an  even  or  uneven  number  of  sections — 


V==lr(AltAn  +  A2"fA3"1--  •  ■  •  +  A,n-1 ) 
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Mr.  Raymond — The  solids  computed  are  not  all  prismoids, 
and  it  is  so  stated  in  the  jjaper.  The  end  area  method  is  per- 
fectly suitable,  and  of  course  gives  less  work. 

Mr.  Vischer — The  case  which  is  illustrated  by  Figure  2  is  one 
which  often  occurs  in  connection  with  the  improvement  of 
grounds,  where,  as  the  paper  remarks,  the  only  object  is  to 
smooth  off  the  surface  in  a  fitting  mauner.  For  this  particular 
purpose  I  think  Professor  Raymond's  figure  a  very  instructive 
one,  and  a  much  more  perspicuous  method,  both  for  arriving  at 
results  rapidly,  and  representing  the  differences  between  differ- 
ent possible  schemes  of  gliding,  than  is  the  ordinary  method  of 
representation  on  separate  cross-section  sheets.  Great  accuracy 
is  never  requisite  in  work  of  this  kind,  especially  as  the  engineer 
generally  has  no  connection  with  the  work  after  establishing  the 
grades  and  estimating  the  amount  of  work  to  be  done.  "When 
the  surface  looks  about  right,  the  job  is  apt  to  be  considered 
finished,  and  an  extra  fee  for  engineering  service  is  usually 
avoided.  The  use  of  the  planimeter  may  sometimes  be  a  con- 
venience; generally,  however,  I  should  feel  inclined  to  select 
some  less  laborious  method  of  area  determination,  especially 
where  the  areas  happen  to  be  elongated  figures  of  no  consider- 
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able  height,  such  as  Figure  2  shows.  For  such  figures  the 
planimeter  gives  results  which  are  usually  less  accurate  than  in- 
telligent guesses  would  be.  The  same  planimeter,  which  for 
figures  of  considerable  size  and  more  or  less  square  dimensions, 
might  show  an  error  of, say, one-half  of  one  per  cent,  or  less,  would 
not  even  give  a  fair  approximation,  if  used  on  some  of  the  areas 
shown  in  Figure  2 

Professor  Raymond — I  had  expected  that  that  point  would  be 
raised  against  it.  The  figure  was  drawn  to  represent  an  extreme 
case,  and  to  show  how  the  other  method  would  not  fit  very 
well. 

Mr.  Vischer — I  had  no  intention  of  being  hypercritical.  I 
only  wished  to  suggest  the  expediency  of  short  methods,  where 
approximate  results  are  all  that  is  required.  I  think  your 
method  a  very  useful  one,  and  liable  to  be  especially  serviceable 
where  contour  sheets  are  already  at  hand  and  do  not  have  to  be 
specially  prepared.  It  would  be  useful,  too,  in  working  up  esti- 
mates for  grading  from  plats,  such  as  are  usually  furnished 
from  the  office  of  the  City  Surveyor.  The  plan  is  blocked  off 
into  squares  and  the  elevations  written  in  at  the  corner  of  each 
square,  from  which  contours  can  usually  be  sketched  in  free 
hand. 

Mr.  Raymond — Much  easier  than  by  adjusting  profiles  cross- 
ing one  another. 

Mr.  Molera — This  method  is  used  by  French  military  engineers. 
I  forget  the  English  name  for  it, but  the  French  name  isplans  cotee; 
Spanish,  piano*  acotados.  The  curves  are  given  and  the  elevations, 
and  it  is  used  for  earthworks  in  fortifications,  and  so  on.  Instead 
of  giving  it  in  profiles,  as  is  done  in  railroad  work,  a  plan  of  the 
place  is  made,  and  the  contour  curves  are  placed  on  the  plan. 
Where  the  ground  is  very  abrupt  more  sections  are  made  to  the 
foot,  or  vice  versa  when  less  abrupt.  Of  course,  all  the  fortifica- 
tions are  in  regular  plaues.  Then,  from  the  drawings,  the  exca- 
vations and  the  filling-in  is  calculated  by  the  prismoidal  formula, 
which  is  a  similar  method  to  Mr.  Raymond's.     I  suppose  it  is 
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used  by  the  English  and  the  American   engineers,  but  I  don't 
know  what  they  call  it. 

Mr.  Vischer — As  regards  the  use  of  Professor  Raymond's 
treatment,  as  applied  to  railway  work,  I  would  remark  that 
contour  maps  are  usually  not  much  used  on  the  Pacific  Coast  in 
railroad  work;  or,  if  used  at  all,  the  contours  are  generally 
only  used  to  show  the  nature  of  the  ground  roughly,  and  are  not 
close  enough  to  furnish  good  data  for  the  determination  of 
quantities. 

Professor  Raymond — I  had  imagined  that  to  be  the  case,  and 
qualified  my  belief  in  the  applicability  for  this  special  use 
accordingly. 

Mr.  Manson — While  on  the  subject  of  fills,  have  you  com- 
pared the  various  formulas  as  to  their  accuracy  in  cases  of  raising 
embankments — where  there  is  no  cut,  but  all  fill,  as  in  the  case 
of  building  levees — with  varying  heighth,  width  of  base  and 
crown  ?  Say  a  levee  five  miles  in  length  and  of  various  dimen- 
sions every  100  feet;  one  method  is  to  average  all  the  bases, 
average  all  the  heights  and  average  all  the  widths.  Those 
composite  dimensions  make  an  average  section,  which  multiplied 
b}'  the  length  give  the  volume  of  earthwork  in  the  levee. 

Mr.  Vischer — What  was  given;  the  side  heights  and  center 
heights,  or  the  center  heights  only? 

Mr.  Manson — The  center  heights. 

Mr.  Vischer — I  think  the  method  is  given  in  Vose. 

Mr.  Manson — Given  in  several  works,  probably.  Has  any 
member  compared  that  with  formula  of  end  areas,  or  any  other 
method  ? 

Mr.  Vischer — I  saw  it  applied  by  a  railroad  contractor  once. 
The  road  was  never  built,  but  I  remember  that  the  quantities 
which  he  figured  out  did  not  check  well  with  the  correct 
quantities. 

Mr.  Wagoner — Replying  to  Mr.  Manson's  question,  it  may  be 
granted  that  no  errors  would  be  made  if,  for  such  an  embank- 
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merit  described,  a  level  average  cross-section  be  assumed.  Thus, 
if  the  top  width  (base)  and  side  slopes  are  constant,  the  volume 
will  be  a  function  of  the  mean  square  of  the  depth.  When  it  is 
required  to  estimate  upon  several  types  of  embankment,  the 
most  rapid  exact  method  is  to  find  the  mean  depth  and  the  mean 
square  of  the  depth;  these  multiplied  by  the  proper  co-efficients 
will  give  the  volume.  For  dams,  and  work  where  considerable 
difference  of  height  occurs,  it  is  most  convenient  to  plat  the 
squares  of  each  vertical  ordinate  on  the  same  sheet  and  find  the 
area  by  the  plauimeter.  When  changes  of  volume  are  to  be 
considered,  arising  from  a  parallel  change  in  grade,  it  is  only 
necessary  to  consider  the  surface  layer  times  the  change  in 
grade,  a  function  of  the  height.  Hence,  the  change  in  volume 
would  be  dV  =  L  (.sH  -j-  B)  dK.  The  above  can  also  be  applied 
to  the  adjustment  of  a  grade  line,  so  as  to  make  the  volume  of 
the  cuts  and  fills  a  minimum,  as  by  introducing  the  proper 
constants  the  line  can  be  adjusted  to  make  the  cost  a  minimum. 

A  Member  (to  Mr.  Eaymond) — Your  reservation,  on  page  73, 
then  only  applies  to  the  usefulness  of  the  method  as  applied  to 
railroad  work?     When  I  read  the  paper  hastily  I  was  in  doubt. 

Professor  Raymond — The  reservation  only  applied  to  this 
special  case. 

Mr.  Vischer — Where  the  ground  is  very  broken  and  irregular, 
I  think  Mr.  Raymond's  method  would  be  as  handy  as  any  that  I 
know  of  for  railroad  or  canal  work.  On  such  ground,  measure- 
ments have  to  be  taken  at  points  close  to  one  another,  and  the 
data  for  fair  contours  is  readily  at  hand.  Undoubtedly,  it  would 
often  pay  to  draw  in  contours  for  a  piece  of  broken  ground,  and 
then  to  work  from  the  plan,  instead  of  from  the  cross-section 
notes.  I  wish  to  remark  that  there  appears  to  be  a  typograph- 
ical error  on  page  71,  line  24:  a  capital  letter  G  is  used;  it 
should  be  a  small  g,  to  correspond  with  the  diagram. 

Professor  Raymond — Such  an  error  has  been  made.  I  had 
not  noticed  it  before.  I  did  not  have  the  cuts  when  I  read  the 
proof. 

Adjourned.  N    S.  Keith,  Sec'y. 
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REGULAR    MEETING. 

Friday..  iTanuary  3d,  1890. 
Vice-President  Molera  in  the  Chair. 
The  following  propositions  for  membership  were  made: 

Arthur  P.  Bell,  by  N.  S.  Keitb. 

H  T.  Bestor,  as  member,  by  Gr.  W.  Percy,  E.  J.  Molera  and 
H.  C.  Behr. 

H.  P.  Dimond,  as  associate,  by  L.  Wagoner,  H.  Vischer  and 
G.  W.  Percy. 

Burr  Bassell,  as  member,  by  P.  J.  Flyun,  F.  K.  Zook  and 
Geo.  G.  Kuox. 

Jas.  W.  Reid,  as  member,  by  G.  W.  Percj',  Luther  Wagoner 
and  H.  Vischer. 

Geo.  F.  Schild,  as  member,  by  Otto  von  Geldern,  H.  Vischer 
and  J.  Richards. 

Professor  G.  W.  Raymond  then  read  a  paper  entitled  "  What 
Constitutes  a  Map  ?  "  After  discussing  the  subject  for  some 
time,  Professor  Raymond  moved  that  a  committee  of  five  be 
appointed  to  consider  the  subject  of  preparing  an  act  for  the 
Legislature,  regulating  the  legal  filing  of  maps.     Passed. 

The  Chair  then  appointed  on  that  committee  Messrs.  Hall 
(Chairman),  Raymond,  "Wagoner,  Harrison  Smith  and  Harold 
"Wheeler. 

The  Committee  on  Nominations  submitted  a  written  report 
which  was  adopted  and  was  ordered  printed  for  distribution. 

Messrs.  Behr  and  Raymond  were  appointed  judges  of  elec- 
tion to  serve  at  the  annual  meeting. 

Adjourned. 

N.  S.  KEITH,  Sec'y. 


A>  t 


Technical  Society  of  the  Paci 
fie  Coast,  San  Francisco 
Transactions, 


\  ■•* 


.*****• 


PLEASE  DO  NOT  REMOVE 
CARDS  OR  SLIPS  FROM  THIS  POCKET 

UNIVERSITY  OF  TORONTO  LIBRARY 


ENGIN  STORAGE 


